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Charakterizace pektinu

Jan Helan, Tereza Sklenarova
Stfedni prumyslova Skola chemicka Brno, Vranovska 65, prispévkova organizace
chemiejecool@seznam.cz

UVvoD TEORIE

Tato prace se zabyva zkoumanim fyzikalnich vlastnosti Pektiny jsou stavebni rostlinné polysacharidy. Vyskytuji fon a 0 .
pektinu, jeho hustotou a ultrazvukovou rychlosti. se pfevazné v ovoci. Diky jejich schopnostem tvofit gely O x 0, 4 O jo u
Tyto dvé veli&iny vysvétiuji mnohé o jeho chovani se pouzivaji jako zahustovadla do marmelad. H N NN

v nejraznéjSich prostredich, hlavné tedy i v téle Zivocich(.

Obr. €. 1 — Priklad pektinového retézce

Mérfeni hustoty a ultrazvukové rychlosti jsme provadéli v laboratofi Biokoloidl
na hustoméru DSA 5000M od firmy Anton Paar.

KLICOVA SLOVA

Hustota Ultrazvukova rychlost Stlacitelnost
biopolymer, hustomér, hustota, pektin, stlacitelnost, o = [kg/md] v = [m/s] B =[Pa]
teplotni sken, ultrazvukova rychlost

Obr. €. 2 — Pristroj Anton Paar DSA 5000M
VYSLEDKY
Chovani pektinu ve vodé
/ g . /

Obr. €. 3 — Graf zavislosti hustoty na koncentraci pfi 35 °C

Obr. €. 4 — Graf zavislosti hustoty na teploté u koncentrace 3 g/l

Obr. €. 5 — Graf zavislosti ultrazvukové rychlosti na koncentraci
pfi 35 °C

Obr. €. 6 — Graf zavislosti ultrazvukové rychlosti na teploté
u koncentrace 3 g/I

Chovani pektinu v 0,15 mol/l roztoku NaCl
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Obr. €. 7 — Graf zavislosti hustoty na koncentraci pfi 35 °C

Obr. ¢. 8 — Graf zavislosti hustoty na teploté u koncentrace 3 g/l

Chovani pektinu v PBS pufru

Obr. €. 9 — Graf zavislosti ultrazvukové rychlosti na koncentraci
pfi 35 °C

Obr. €. 10 — Graf zavislosti ultrazvukové rychlosti na teploté
u koncentrace 3 g/l
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Obr. ¢. 11 — Graf zavislosti hustoty na koncentraci pii 35 °C

Obr. &. 12 — Graf zavislosti hustoty na teploté u koncentrace
3g/l

Obr. &. 13 — Graf zavislosti ultrazvukové rychlosti na koncentraci
pfi 35 °C

Obr. ¢. 14 — Graf zavislosti ultrazvukové rychlosti na teploté
u koncentrace 3 g/l

ZAVER A DISKUSE

S rostouci koncentraci dochazi ke zvySovani hustoty. ZvysSujici se teplota snizuje hodnoty hustoty. Bylo zméfeno a popsano chovani roztokl pektinu za radznych podminek. Nejlepsi
vysledky linearni zavislosti byly naméreny, kdyz byl pektin rozpustén ve vodé, kterou na sebe jako biopolymer dokaze snadno vazat.
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Stanoveni kovu v biologickych vzorcich
metodou DLTV ICP-MS

Andrea Kutna, Markéta Dudrova, Kristyna Dlabkova , Antonin Bednarik, Jan Preisler

Ustav chemie, Prirodovédeckd fakulta, Masarykova univerzita, Brno

Uvod

* Tézké kovy jako Zelezo, méd' a zinek jsou pro Zivé organismy nezbytné, ovsem pfi
vys$sich koncentracich mohou byt toxické. Jiné kovy, napfiklad olovo, rtut a
kadmium jsou pro organismus toxické ve vsech koncentracich.

* Cilem nasi prace bylo stanovit obsah tézkych kovu (rtuti, médi a zinku) ve slinach
osob s riznym poctem amalgamovych plomb.

e Sliny lze odebrat neinvazivné a mohou mit vyznam v klinické analyze jako
alternativa ke krvi.

* Pouzivaly jsme metodu DLTV ICP-MS, kterd se skldda z hmotnostni spektrometrie
s indukéné vazanym plazmatem (ICP-MS) a z inovativni techniky tepelného
odparovani diodovym laserem (DLTV).

DLTV ICP-MS

ICP-MS
* metoda stopové elementarni analyzy
¢ plazma: ¢tvrté skupenstvi hmoty
¢ indukéné vazané plazma: 6000 - 10000 °C
* ICP ionizuje vétsinu prvkd periodické tabulky
* MS analyzuje vzniklé ionty podle poméru hmotnost/naboj

Indukéné vdzané plazma

DLTV
* nova, nizkonakladova technika zavadéni vzorku pro ICP-MS
* analyza vyschlych kapek na papiru
* kancelarsky nebo filtracni papir s predtisténym inkoustovym vzorem
* diodovy laser je vyuZivam k pyrolyze papiru a vytvareni aerosolu
* minimalni objem vzorku
e zadné upravy vzorku
* analyza slozZitych vzorku (krev, sliny)

thies

-
-

DLTV cela se vzorky

.

B T

S e
= -_——

- =

-
E - -
‘-\__\‘&:.‘ﬁ"h“'
_— —
—  —
=t e

nanaseni vzorku tvorba aerosolu

{

!

Metod

Pfiprava vzorku
* sliny byly odebrany rano pred jidlem a ¢isténim zubu
* 200 nl slin bylo pipetovano na predtistény papir spolu se standardy Hg, Cu a
Zn vzdy tfech opakovanich

- -

Opg 5Spg 10pg 15pg
gl +sliny +sliny +sliny +sliny
Pouzité pristroje
* diodovy laser: 808 nm, 1,2 W (RLDH808-1200-5, Roithner LaserTechnik,
Rakousko)
* ICP MS: model 7500CE, Agilent, USA: nosny plyn (He) 1,0 /min, pomocny

plyn (Ar) 0,6 I/min, integracni ¢as 0,1 s/isotop

Akademie véd CR hleda mladé védce

OTEVRENA VEDA
AKADEMIE VED CR
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Zaznam intenzity signalu Hg

15 pg
250000

bo 25000 | ] o y = 9130 x + 13260
= T o000  R*=09943
3 20000 10 pg s
T (G |
& o 15000 - 5P8 —h— 5 10
- 0 pg -
@ O, 10000 - blank 9 100000
= -
S 5000 = 50000
£ g
[= 0 T T T ' c T |

0 20 40 60 80 -10 0 10 20

cas [s] m, [pgl
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Pocet plomb

Zaznam intenzity signalu Zn

1000000
800000

600000
400000

200000 1 /

nereprodukovatelné signaly rusi stanoveni

Intenzita signalu
Zn [CPS]

Diskuze

* podarilo se stanovit obsah rtuti ve slinach osob metodou DLTV ICP-MS
* stanoveni médi a zinku neposkytovalo reprodukovatelné vysledky

e pro stanoveni byly vyzkouseny dva druhy papiru, filtracni a
kancelarsky

e pro stanoveni rtuti byl zvolen filtracni papir, i kdyz vykazoval vyssi
pozadi pro rtut

* nandaseni na kanceldrsky papir bylo obtizenéjsi a vznikaly pfi ném
chyby, proto nebyl vyuZivan

* obsah rtuti koreloval s mnozstvim plomb
« dalsi prace bude vénovana hledani vhodnéjsiho filtracniho papiru pro
stanoveni tézkych kovu

Podékovani

Rady bychom podékovaly konzultantdm nasi prace Bc. Kristyné Dlabkové
a Mgr. Antoninu Bednafikovi. A velké diky patfi Akademii véd CR —
oteviené védé za financovani této prace.

Literatura

[1] P. Foltynova, V. Kanicky, J. Preisler, Analytical Chemistry, 2012, 84, 2268
[2] P. Foltynova, A. Bednarik, V. Kanicky, J. Preisler, JAAS, 2014, 29, 1585



Vyuziti metod molekularni biologie
k uréeni pohlavi u ptaku
- natoceni instruktazniho videa

Jana Juficova,

Dominik Machacek

Sttedni primyslova Skola chemicka, Vranovska 1364/65, Husovice, 614 00 Brno
j.juricoval @seznam.cz

UvoD

Cilem prace je primarné se seznamit s metodikou molekularni biologie
pfi feSeni jednoho konkrétniho Ukolu a to uréeni pohlavi ptaka.

VYSLEDKY A DISKUSE

Vysledkem prace jsou praktické videoukazky pro snadnég;jsi
pochopeni metodiky. Jsou rozdéleny do tfi ¢asti podle metod

Sekundarnim cilem této prace je nasledné natoc€eni a vytvorfeni instruktazniho videa, (Priprava a izolace DNA, PCR, Gelova elektroforéza).

Ve videich je komentaF v podobé Ceskych titulku.
Videa jsou volné dostupna ke shlédnuti na YouTube.

které je rozdéleno do t¥i ¢asti.

EXPERIMENT

Je provadén hlavné u ptaku, u kterych chybi, ¢i je nevyrazny pohlavni dimorfismus.
Rozdéleni:
Priprava a izolace DNA

- vybér vhodného vzorku DNA

- lyzace (rozklad) pomoci lyzaéniho pufru (k udrzeni pH),
enzymu proteazy K a Enazy A (spoustéce reakci)

- inkubace tkané s enzymy ve vodni lazni

- pfeneseni vzorku na izolaéni kolonku

- promyvani pufry

- vysrazeni ethanolem

- uvolnéni DNA z kolonky centrifugaci (odstfedivka)

Polymerazova fetézcova reakce

- denaturace (oddéleni viaken DNA)

- nasedani primerl (fetézec na konci vlakna)
- extenze (syntéza DNA z nukleotidl)

- nové nasyntetizovana vlidkna DNA

Gelova elektroforéza

- vytvoreni gelu
- naneseni vzorku do gelu

- pohyb zaporné nabitych molekul v elektrickém poli smérem k anodé
- vyhodnoceni gelu

Obrazek #1: vysledek gelové elektroforézy pod UV svétlem
1 - velikostni standard, 2 — neStépeny PCR produkt, 3 — samec, 4 — samice

Nase videa se nyni pouzivaji jako jeden z hlavnich materiall pfi vyuce

na Veterinarni a farmaceutické univerzité v Brné.
Dékujeme vSem, ktefi pomahali pfi tvorbé prace:

Doc. MVDr. Eva Bartova, Ph.D. (externi konzultant)
PhDr. Marcela HeleSicova (vedouci prace)
Magr. Ivo Papousek, Ph.D. (figurant)

Obrazek #2: nahled z instruktazniho videa ¢.1 Pfipravy a izolace DNA,
konkrétné pfidavani ethanolu pro vysrazeni DNA

'l




Porovnani celkovych polyfenoli u vybranych druhu ¢aju

g ey . .
F % » Jitka Kovtunova
% $ n Stiedni primyslova §kola chemicka, Brno,
L r
? ays® Y Vranovska 65

Caj je napoj, piipravovany ve vodé, vyluhovanim listkt rostliny Cajovniku pravého Camellia sinensi. Dle
stupné fermentace pii zpracovani listki miiZzeme caje rozdélit na zelené, Cerné, bilé a €aje typu oolong.
Kromé povzbuzujicich G¢inkli na organismus v sob& Caj také nese celou fadu prospésnych latek. Mezi
vyznamné patii polyfenolické slouceniny vykazujici velky antioxida¢ni ucinek.

Cilem prace bylo stanovit mnoZzstvi celkovych polyfenolt u pravych zelenych caji a ¢aji typu oolong,

porovnani a vyhodnoceni jejich vlivu na konzumenta.

166. Cajovnik ¢insky (Thea chinensis).
F podélny fez kvétem.

- . e - > ” : OH
V  nésledujicich tabulkéch lze vidét seznamy pouzitého materidlu. V tabulce ¢islo 1 jsou uvedeny vzorky

zelenych &aji z vybranych oblasti Ruska. Caje typu oolong uvedeny v druhé tabulce pochazi z riiznych oblasti Y

Ciny a Thaiwanu. HO o i
Cislo vzorku Druh ¢aje, nazev, oblast Cislo vzorku Druh ¢aje, nazev, oblast
1 Zeleny &aj, Krasnodar, vysokohorsky 1 Oolong Shui Xian (Vodni vila), Cina, Fujian ()—?I' OH
2 Porcovany zeleny ¢aj, Krasnodar, vysokohorsky 2 Oolong Feng Hung Dan Cong (Fénix), Cina, Quangolong OH
OH
3 Porcovany zeleny ¢aj, sorta B 3 Oolong Hai Xian Gao Shau (Mlé¢ny oolong), Taiwan (=)-Epicatechin gallate
4 Exklusive zeleny ¢aj, Krasnodar 4 Oolong Tie Guan Yin (Zelezna bohyn& milosrdenstvi), Cina,
5 Exklusive zeleny ¢aj, Krasnodar, vysokohorsky Fujian Obr. ¢&. 2 Molekula Epikatechin gallatu
6 Exklusive zeleny ¢aj, Krasnodar, vysokohorsky S Oolong Tsau Tsuu (Jami probuzeni), Taiwan
7 Zeleny ¢aj, Soci = . E , ) ’ ’ v s w
L Nejvice polyfenolickych latek bylo naméfeno u pravého zeleného &aje ¢. 9
8 Zeleny Caj, Sofi (30,42%). Tento ¢aj pochazel ze sorty A z vysokohorské oblasti. Caje
2 Zelenyltalisonat S o (RSO OhOLE s vy$§im obsahem polyfenolti mély velké, celé listy a byly pievazné z oblasti
la sled k 1k h polyfenolickych latek Soc.
Byla sledovana koncentrace celkovych polyfenolickych late .,V = : - . . .
Y 1w e o e ey Y Nejméné polyfenolickych latek bylo naméfeno u caje typu oolong ¢. 3.
ve vzorcich ¢aji pomoci Folin-Ciocalteu testu. W e o
. L. o ) Koncentrace polyfenoll u ¢ajii oolong nepiesahla 18%.
Tabulka reakcénich smési v jednotlivych vzorcich , C s . S
Rozdil mezi nejvyssimi hodnotami zeleného ¢aje a ¢aje typu oolong byl
[ml] slepy vzorek 13,23 % (p<0,05).
. ] .
Caj 1 0,00 o] - 25,00
Folin-Ciocalteuho 5 5 £ 3500 0 afe681] ﬁ m 4 PERT)
.5 30,00 - 24,93] 520,00 2
Einidlo 2 o | E I
£ 25,00 67 1 19,32 &
s =15,00 it 12,27]
Roztok Na,CO, 4 4 ‘S 20,00 f * = 10,12
S 15,00 2 I
Destilovana voda 1 g ;310,00 i I
I4 . r . N
Dale byla provedena analyza proti slepému vzorku na UV-Vis el £
” Y S = 500 5,00
spektrofotometru Cecil7210 pti vlnové délce 765 nm. Kalibra¢ni kiivka 000
byla sestrojena v zavislosti absorbance na koncentraci kyseliny gallové ' 1 2 3 4 5 6 7 8 9 0,00
(mg/ml). Kazdy vzorek byl pireméten dvakrat. R D VZorku Lo e o8B
. o o Cislo vzorku
Kalibraéni krivka 5 o 5 o _
Graf ¢. 1 Obsah polyfenolickych latek v Graf ¢. 2 Obsah polyfenolickych latek v caji
08 zelenych cajich oolong
y=0,1379x - 0,0787
0,7
06 R?=0,97646 = 30,00 2521
805 g
g0 E 20,00
§0,4 ERS 12,63
203 = > 10,00
= 2
0,2 SN
01 = 0,00
' E ¢aje typu oolong zelené Caje
0 L 2 w s
0 1 2 3 4 5 6 7 druh caje
koncentrace Graf ¢. 3 Porovnani obsahu polyfenolti v zelenych ¢ajich
a oolong bez zavislosti na péstebni oblasti
Zavér

Nejvice polyfenolii obsahovaly velkolisté ¢aje z vysokohorskych oblasti Soci. U Cajti typu oolong nejvice polyfenolil obsahovaly ¢aje
z Ciny, konkrétné Vodni Vila a Fénix.

Zelené Caje dosahovaly v priméru o 12,58 % vice polyfenolickych latek nez caje typu oolong (rozdil je statisticky prokazatelny,
p<0,05).

Na zakladé vysledku Ize zelené Caje povaZovat za vyznamny zdroj polyfenolickych latek a jeho konzumace tak miize mit ptiznivé vlivy
na zdravi konzumenta.
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RTUT V RYBACH A VODNIM EKOSYSTEMU
VE VYBRANYCH LOKALITACH CR

Ladislav Kabe$', Andrea Kleckerova? Pavel Kuéera O Spoicka

Stredni pramyslova $kola chemicka Brno, Vranovskéa 65, 614 00, Brno Mendelova

" : _ _ » S 1 univerzita
2Ustav chemie a biochemie, Agronomicka fakulta, Mendelova univerzita v Brné v Brné
Andrea.kleckerova@mendelu.cz, Zemédeélska 1, 613 00, Brno

" UvoD

Kontaminanty zivotniho prostfedi, jako jsou téZké kovy, se ve vodnich ekosystémech mohou kumulovat v rybach a po-té jsou

;_. potravnim fetézcem prenaseny do lidského organismu. Z toho divodu je nesmirné dilezité kontrolovat obsahy tézkych kovu v
rybi svaloving, a tak sledovat zdravotni nezavadnost konzumovanych ryb. Cilem nasSi prace bylo zjistit obsahy rtuti ve e
"‘:valoviné a v jatrech kapra obecného (Cyprinus Carpio L.), dale pak v sedimentech, vodni travé a ve vodé ve tfech vybranych

lokalitach Ceské republiky.
PERIMENT VYSLEDKY A DISKUSE

0 nasi studii byly vybrany dvé lokality v okresu Zd'ar nad Pfi porovnani celkovych obsah( rtuti ve tkanich kapra
omaninsky rybnik (Obr. 1) a Matéjovsky rybnik obecného v ramci jednotlivych lokalit byly nejvysSi hodnoty
a lokalita v okresu Blansko (rybnik Pod nalezeny v lokalité Domaninsky rybnik, avSak pfi !
er. vzorku probihal v obdobi od dubna porovnani celych ekosystéml se jevi jako nejvice
014. Z lokality Domaninsky rybnik bylo znecCisténa lokalita rybnik Pod MySnikem. Byly zde zjiStény
- Z lokalit Matéjovsky rybnik a rybnik Pod dvakrat vysSSi koncentrace rtuti ve vzorcich sedimentu
po tfech rybach. Dale bylo z kazdé lokality odebranych z hraze, tudiz i celkove obsahy rtuti v
vzorku sedimentl, 3 vzorky vodni travy z sedimentech jsou zde vys$Si. NizSi obsahy rtuti v rybach z

ruhu Ostfice a 5 vzorkt vody. Vzorky sedimentd a rostlin této lokality mohou byt zapfi€¢inény malym poctem vzorkd,
' : prl Iaboratornl teplote proto bude monitoring této lokality probihat i nadale.

¢

=
-

Domaninsky rybnik Rybnik Pod Mysnikem

W jatra

o svaloving
W sediment
W vodni Lrava
Wvoda

Mml\r :,uiléné li I Ilodnul\r Mné

Matéjovsky rybnik

mum;pm«e pd mllwchslmll.‘xh Msystému
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HODNOCENI FYZIKALNE-CHEMICKYCH
VLASNOSTI LECIV ZE SKUPINY LECIV
PUSOBICICH NA KARDIOVASKULARNI SYSTEM

UvoD

Laboratorné byl pfipraven lidokain,
kyselina acetylsalicylova, nifedipin a
propranolol, u kterych byly nasledné
urcovany fyzikalni a chemické vlastnosti:
teploty tani, stupefi zabarveni a dalsi,
které byly porovnavany s predpisy v
Ceském lékopise pro zjisténi, zda by se
tyto latky mohly v praxi vyuzit k lécbé.
Cilem prace proto bylo zjisténi, zda by se

Tereza Kucerova
Stfedni pramyslova Skola chemicka, Vranovska 65, pfispévkova organizace,

614 00 Brno-Husovice, kucerovatereza97@seznam.cz
ZAVER

«» Stupen zbarveni kapalin (porovnani
s pfipravenymi zakladnimi roztoky podle

Ceského lékopisu)

< Infraervena spektroskopie (ATR)

VYSLEDKY A DISKUSE

V ramci
éinnosti

této StredosSkolské odborné
byly studovany fyzikalné -

Hlavnim tématem této prace byl
kardiovaskularni systém, teoreticka cCast
se tedy soustfeduje na né&j. V ramci
praktické c¢asti byly u laboratorné
pripravenych latek zkoumany fyzikalni a
chemicke vlastnosti s cilem zjistit, zda jsou
vhodné pro vyuziti jako léCiva latka v
praxi. Ani jedna ze Ctyr pfipravenych latek
nespliiovala pozadavky Ceského lékopisu,

latky mohly v praxi vyuzit jako |€Civa latka.

EXPERIMENT

Mérené veli€iny:

Teplota tani (bodotavek)

Zakladni vlastnosti — barva, skupenstvi,
... (organoleptické posouzeni)

Cirost a stuperi opalescence kapalin
(porovnani s rozpoustédlem uréenym

Ceskym Lékopisem)

Tabulka €.1: Shrnuti zjiSténych vlastnosti lidokainu

Metoda

Skupenstvi

Vysledek (+ ne/souhlasil
s Ceskym lékopisem)

Pevné (souhlasil)

chemické vlastnosti c&tyfi latky, které
pozitivné pusobi na kardiovaskularni
systém. U lidokainu, kyseliny
acetylsalicylové, nifedipinu i propranololu
byly stanoveny fyzikalni a chemické
vlastnosti.

U vSech Ctyf latek vzdy nevyslo jedno
stanoveni:

Lidokain — zkouska Cistoty

Kyselina acetylsalicylova — stanoveni
obsahu

Nifedipin — stanoveni obsahu
Propranolol — stanoveni obsahu

Tabulka €.3: Shrnuti zjiSténych vlastnosti u kyseliny acetylsalicylové

Vysledek (+ ne/souhlasil s Ceskym

lékopisem)

tudiz nemohla byt ani jedna vyuzita..

Tabulka €.5: Shrnuti zjiSténych vlastnosti nifedipinu

Skupenstvi

Rozpustnost ve vodé
Rozpustnost v acetonu
Rozpustnost v ethanolu
Barva

Bod tani (zkousky totoznosti)

Zkouska na Cistotu (zkousky

Vysledek (+ ne/souhlasil s Ceskym
lékopisem)

Pevné (souhlasil)

Ano (souhlasil)

Ano (souhlasil)

Ano (souhlasil)

Zluta (souhlasil)

168 °C — 170 °C (souhlasil)

Pfipraveny roztok vyrazné

Rozpustnost ve vodé
Rozpustnost v 96% lihu
Barva

Bod tani (zkousky totoZnosti)
Zkouska na cistotu (zkousky
totoznosti)

Zkouska na chloridy (zkousky

totoznosti)

Ano (souhlasil)

Ano (souhlasil)

Bila (souhlasil)

73 °C - 76 °C (souhlasil)

pH pfipraveného roztoku 2,8
(nesouhlasil)

Pfipravena srazenina se rozpoustéla

(souhlasil)

Skupenstvi

Rozpustnost ve vodé
Rozpustnost v 96% lihu
Rozpustnost v etheru

Barva

Bod tani (zkousky totoznosti)
Zkouska na salicylany (zkousky
totoznosti)

Zkouska na Cistotu (zkousky
totoznosti)

Stanoveni obsahu

Pevné (souhlasil)

Ano (souhlasil)

Ano (souhlasil)

Ano (souhlasil)

Bila az bezbarva (souhlasil)
144 °C —147 °C (souhlasil)
Pfipraveny roztok se zbarvil do
fialova (souhlasil)

Pfipraveny roztok byl ¢iry
(souhlasil)

Latka obsahovala 103% slouceniny

totoznosti) zéervenal (souhlasil)

Stanoveni obsahu Latka obsahovala 97,6%
slouceniny C, ;H13N,O¢

(nesouhlasil)

Tabulka €.6: Shrnuti zjiSténych vlastnosti propranololu

Vysledek (+ ne/souhlasil s Ceskym
lékopisem)
Skupenstvi Pevné (souhlasil)

Rozpustnost ve vodé Ano (souhlasil)

Tabulka €.2: Infracervena spektroskopie lidokainu

Skupina - vazba

N-H sekundarni amin

C=C aromaty

Oblast vino¢td

1030-1230

Intenzita pasu

stfedni

stfedni

stfedni

C,HgO, (nesouhlasil)

Tabulka €.4: Infracervena spektroskopie kyseliny acetylsalicylové

Oblast vinoétd

1670-1450

Skupina - vazba

-OH s H mUstkem
(alkohol)

Intenzita pasu

silna (Siroky pas)

C=C aromaty
C=0 karboxylova
kyselina
0=C-O- e ster

1710

1300-1100

Rozpustnost v 96% lihu
Barva

Bod tani (zkousky totoznosti)

Ano (souhlasil)
Bila (souhlasil)

164 °C - 167 °C (souhlasil)

Zkouska na chloridy (zkousky|Pfipravena srazenina se

totoznosti)

Vzhled roztoku (zkousky cistoty)

rozpoustéla (souhlasil)
Pfipraveny roztok byl porovnavan
s roztoky pfipravenymi podle

lékopisu (souhlasil)

Kysele a zasadité reagujici latky|Pfipraveny roztok zezloutl

(zkousky cistoty)

Stanoveni obsahu

(souhlasil)
Latka obsahovala 98,5%
slouc¢eniny C_¢H,,CINO,

(nesouhlasil)




Detekce pSenicnych proteint v masnych vyrobcich pomoci

UVOD

Ma odborna prace se zabyva detekei gliadinevych a
gluteninovych psenicnych proteinti v masnych vyrebeich
bezne dostupnych v maloobchodni siti. K detekei
proteinu byla pouzita fluorescencni imunohistochemii, k
pozorovani vzorki byl pouzit fluorescencni mikroskop.
Cilem prace bylo zjistit pritomnost psenicnych proteint u
sesti vzorku masnych vynobku a jejich pripadnou
zdravotni nezavadnost pro osoby alergicke na lepek a
celiaky.. V ramci této odborné prace jsem se take zabyval
souvislosti mezi pridavanim psenicnych: bilkovin do
masnych vyrobku a kvalitou techto produktii. Praktickou
¢4st jsem provadél na pidé Ustavu vegetabilnich
potravin fakulty veterinarni hygieny a ekologie pri VEU
V Bne.

EXPERIMENT

Vzorky Sesti masnych vyrobku byly zmrazeny a
fixovany ke kovovému terciku, aby bylo mozné je
nakrajet na sankovém mikrotomu. Po nakrajeni na
tloustku 4um byly rezy naneseny podlozni sklicka. Od
kazdého vzoerku byly pfipraveny tri takove preparaty.
Aby bylo mozné na vzorky nanest fluorescencni
barvivo, musely byt proteiny zviditelnény pro ne
specifickymi protilatkami (kralicimi) . Nejprve vsak bylo
nutné vzorky fixoevat ledovym acetonem (-20), aby doslo
k umrtveni vsech bunc¢k a zastaveni vSech
biochemickych: deju. Mezi ponorenim do roztoku dané
latky byly vzorky vzdy stabilizevany v pufru PBS, aby
dosle k vyrovnani pH. Pred ponorenim do roztoku
primarni protildtky byla nutnd blokace nespecificke
vazby pomoci Diulent normal séra, jinak by se primarni
protilatka nemohla navazat na antigen. Pii priprave
vzorkl byla pouzita metoda neprimeho dvoustupnoeveho
imunoznaceni, toznamend ze krome primarni protilatky
byla pouzita jeste protilatka, sekundarnt, ktera se na tu
primarni. protilatku,navazala jako na antigen. Tim bylo
dosazeno vetsi citlivosti, nez kdyby byla pouzita pouze
primarni protilatka.  Po oznaceni’ protilatkami byly:
vzorky obarveny fluerescencnim barvivem: Fluorochrom
Texas red a montovany montovacim meédiem, které
usnadnuje nasledné mikroskopovani vzoerku.. Behem
pozorovani fluorescenénim \ mikroskopem byla
posuzovano mnozstvi psenicnych' bilkovin a\. jejich
intenzita fluorescence ve vzoreich:

Obrazek ¢.4 Kruti Junior (Vzorek B)

Martin Sotek

Stredni prumyslova Skola chemicka Brno Vranovska 65

VYSLEDKY A DISKUSE

U vsech pouzitych masnych vyrobki byle vyrebcem
deklarovano minimalné stopové mmozstvi psenice. U
porizenych snimkil jde jasne videt pritomnost psenicného
proteinu, protoze vydava jasné svetlo. Témer u vsech
testovanych vzorkil byla prokazana pritomnost psenice,
u jednoho vzorku byla jeho pritomnost nejista . Pokud by
tato potravina byla pozita esobou alergickou na lepek
nebo celiakem, mohla by vyvolat vazne zdravotni
komplikace. Diky mému pozorovani je patrne€, ze zadny
7z testovanych masnych vyrobkil neni vhodny pro oseby.
alergické na lepek nebo trpici celiakii. Podle soucasné
legislativy se smi psenicna bilkovina pridavat pouze do
bilkeviny. Testovane vzorky do této kategorie spadaly
take.

Masny vyrobek

Deklarace vyrobcem

fluorescencni imunohistochemie

ZAVER

Cilem me prace bylo zjistit pritomnost pridanych
psenicnych bilkovin ve vzorcich Sesti masnych vyrebku
dostupnych v maloobchodech. Pro detekei byla pouzita
neprima dvoustupnova fluorescencni
imunohistechemicka metoda. Pozerovani bylo provedeno
pod fluorescencnim mikroskopem. Vysledky ukazaly
jasnou pritomnost psSenicnych bilkovin ve vsech
testovanych masnych vyrobeich: v minimalne stopovem
mnozstvi. VSechny testované masneé vyrobky splnily
deklaraci uvedenou vyrebcem. Kyuli 1 potencionalnimu
obsahu lepku by totiz mohlo byt ohrozeno zdravi
alergikti nebo celiakt, kteri by danou potravinu pozili.
Nahrazovani cisté svalove bilkoviny pSenicnymi proteiny.
provadeno hlavne z ekonomickych divodiu u masnych
vyrobku nizsi jakosti. Ma odboerna prace tuto praktiku

potvrzuje.

DrubeZi sekana (Interspar) obsahuje pseni¢né bilkoviny

Lahtiidkovy salam (Interspar) stopy pSenice

Kriiti junior (Interspar) stopy pSenice

Lahtidkové parky (Tesco stores stopy pSenice

CR)

Parky do rohliku (COOP obsahuje pseni¢ny skrob
jednota Mikulov)

Jemné parky (Tesco stores CR)  stopy psenice

Vysvétlivky: + az +++ sila intenzity fluorescence pSeni¢né
bilkoviny, +/- dubioézni vysledek

Obrazek ¢.1 Tabulka s vysledky pozorovani

Wheat

fA{4\ GLUTENIN
kernel JA \

GLIADIN

GLUTEN (GLIADIN + GLUTENIN)

Obrazek ¢.5 Ulozeni lepku v pSeni¢ném zrnu Obrazek ¢.6 Struktura molekuly lepku
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Studium termodynamickych a kinetickych vlastnosti
komplexotvornosti cyklodextrint v lécCivech

Jifi Martenek, Martin Zapletal

~ Stfedni pramyslova $kola chemicka Brno, Vranovska, pFfispévkova organizace
Vranovska 65, 614 00 Brno-Husovice, skola@spschbr.cz

UvoD

Tato prace se zabyva cyklodextriny a jejich vyuzitim
(stabilizator E 459) a
farmaceutickém primyslu (adjuvans). Cyklodextriny
jsou cyklické oligosacharidy, jejichz molekuly

v potravinarskéem

obsahuji 6-8 a — D — glukopyranos. Hlavni vyhodou
cyklodextrinG je kavita tvaru dutého komolého
kuzelu, jenz vznika vhodnym prostorovym
usporadanim jednotlivych monosacharidi. Tato
kavita umoznuje enkapsulaci hydrofilnich latek (je to
umoznéno diky pFitomnosti primarnich: hydroxild,
orientovanych do stfedu kavity) a pravé tato jejich
schopnost je vyuzivana jak v primyslu, tak i pro
laboratorni Gcely. Diky tomu se stale provadi
vyzkumy, zameérené na cyklodextriny a jejich
komplexy, za ucelem nalezeni dalSiho noveho
vyuziti.

EXPERIMENT

Experiment se soustreduje na dvé oblasti — méreni
termodynamickych vlastnosti a méreni kinetickych
vlastnosti cyklodextrinovych komplexd. V. prvni z
nich probehlo meéreni absorbance sveétla rlznych
vinovych délek.

-Termodynamické vlastnosti se zjisStovaly, pomoci
titrace kyselého roztoku zasaditym, pricemz oba
roztoky obsahovaly cyklodextrin o stejne
koncentraci.

-Zmeéna absorbance byla zplsobena zmeénou barvy.
methylové oranze, jelikoz se pH neustale menilo. g
-Vysledna absorbance vSak byla oinvnéna‘
cyklodextrinem, ktery se s methylovou oranzi
komplexoval.

-Timto zplsobem byla zjistena afinita riznych druh&‘
cyklodextrinu na barvivo.

-Na podobnem principul se: provadeli experimenty; s
lecivy.

-Meéreni bylo proveden i pri stalem| pH, kdy zména‘
absorbance byla ovlivnénal Ciste cyklodextrinem‘
(graf na obr. 3)

- Mereni kinetickych: vlastnosti' spocivale, ve zméné‘
absorbance za jednotku casu. \

— V' kyveté probgéhla reakce pri kiere vznikalo‘
barvive p—nitrofenol.\

-Pritemnost; cyklodextrinu' ovliviilar rychlost vzniku‘
tohoto barviva (abserbance se V. case nemenila tak‘
rychle).

VYSLEDKY A DISKUSE

Z meéreni, ktera byla provedena s ruznymi druhy
cyklodextrind v komplexech s barvivy, ale i IéCivy,
plyne, ze tyto slouceniny mohou zpomalovat ale i
zrychlovat pribéh mnoha reakci, pricemz
rozhodujici vlastnosti je hydrofilita substratu, ktere
“zapasi“ o misto v kavité. Cim vétsi hydrofilita, tim
vetsi afinita ke kavite cyklodextrinu. V. mnoha
drazsich IéCivech jiz tyto latky nasli uplatnéni, nebot"
schopnost zpomalovat néktere reakce zajiStuje
prodlouzeni terapeutického ucinku l€Civa (nefunguje
u v8ech Ieciv). Samotné cyklodextriny nemaji zadné
vedlejSi Ucinky (jedna se pouze o oligosacharidy
tvorené z glukosovych jednotek). Mnoho dalSich
mereni kinetickych i termodynamickych viastnosti
musi byt jesté provedeno . Graf na obr. 2 je ukazka
zavislosti absorbance na pH zasaditéeho roztoku,
ktery byl titrovan kyselinou na barvivo methyloranz,
pricemz v. obou roztocich byl pritomen cyklodextrin
o stejnych koncentracich (nedochazelo k fedéni a
zmény absorbance jsou zpusobeny: Gisté zménou

zbarveni indikatoru a cyklodextrinem).

A = f(pH) - cyklodextrin y

ZAVER

Probéhla meéreni kinetickych a termodynamickych
vlastnosti cyklodextrind (cyklickych oligosacharidd,
schopnych komplexace). Termodynamicka meéreni
spocivala ve zméné absorbance barevného roztoku
(barvivo methyl oranz) v disledku komplexace s
cyklodextrinem, zatimco kineticka méreni tkvéla ve
zmeéngé absorbance barviva za jednotku casu. Z
namerenych dat je mozné zjistit rovnovaznou
konstantu pro komplexacni reakci i rychlostni
konstantu. Z doposud provedenych méreni plyne,
ze afinita k cyklodextrinu roste s rostouci
hydrofylitou prisluSného substratu. Pro presnou
predikaci chovani cyklodextrinli je nutno provest
dalSiiméreni a experimenty.

Obr. 1:

Cyklodextriny a jejich prostorové

usporadani [1]

[1]JHORSKY, Jifi a Jindfich JINDRICH. Cyklodextriny

4 6 8
pH

Obr. 2: Graf zavislosti absorbance na pH pri
acidimetrické titraci v pritomnosti cyklodextrinu.

ve svété polymera. Chemické listy. 2013, 2013(107): 8.

Obr. 3: Zavislost absorbance methyloranziena

vinové délce v pfitomnosti cyklodextrinu a stalém
pH 13,15.




lososa drcend
ERT - tresci jatra
LISNO - pstruh
EKTON - losos kousky
ALMAR - losos
E - Islandska trescni jatra
NIXE - sardinky v oleji
NIXE - sardinky v tomaté
AVEGAR - sardelova ocka s kapary
NOWACO - sledové Spuntiky
STARFISH - uzeny pstruh
NAVEGAR - sardelové fezy v oleji
KLATOVY - tolstolobik
NEKTON - tresci jatra
KLATOVY - kapr
SPAR - Sproty
NAUTICA - rybi pepfenky
NAUTICA - pstruh
VARMUZA - Jemné sledové filety
TESCO - filety z makrely v kof. rostlinném oleji
NOWACO - matjesové fezy ala losos
LISNO - $proty
RYBEX - zavinace
SAIRA - sardinka ve vlastni $tavé
VARMUZA - makrela uzena
PETRI - sled’
Sendvicovy tunak ve vlastni stavé
ALBERT QUALITY - turidk ve vlastni $tavé
FRANZ JOSEF - turidkové filety
Uzeny tunak - DELIMAX, CZ
VARMUZA - tuiadk, CZ
VARMUZA - tufiak, CZ
Tunak uzeny, Principesca, platky
Uzeny marlin indopacificky,Principesca, platky,
Uzeny marlin indopacificky,Principesca, platky,

Obr. 2:

rdznych Sarzi

Celkovy obsah rtuti ve vybranyc

VYROBCICH

eckerova?, Pavel Kucera'

Vranovska 65, 614 00, Brno
édélska 1, 613 00, Brno

mendelu.cz

EXPERIMENT

Pro experiment jsme zakoupili celkem 69 vzorkd rybich vyrobkl. Byly pofizeny
v Ceskych supermarketech, a to v prodejnach Tesco, Billa, Albert, Spar a Lidl.
Vzorky pochazely z 15 zemi svéta a 8 lokalit FAO.

Po nakoupeni byly vyrobky pfevezeny do laboratofi na pracovisté Ustavu
chemie a biochemie Mendelovy univerzity v Brn&, kde byla provedena
identifikace a fotodokumentace vzorkd. Vyrobky byly uchovavany pfi teploté
-20°C. Kazdy vzorek byl méfen ftrikrat a nasledné byl vypoditan primér a
smérodatna odchylka. Priméry jsme poté pouzili jako vstupni hodnoty pro
grafy a tabulky.

Pro stanoveni obsahu rtuti jsme pouzivali jednoucelovy atomovy absorpéni
spektrometr AMA 254 (Obr. 1).

0,5

Hg (mg/kg)

nedravec

dra

-0,5

Obr. 3:  Celkovy obsah rtuti dle prijmu

FAQ 87 - Jihovy

FAO 71 - zapad

=]

T

S  FAO67-s
o3

Qo

0 FAO

£

(7]

N

F

Himit EU: 1 mg/kg

o

ovali limitdm dle nafizeni EU
0/2011: 1 mg Ha/kg

a uzeny tunak firmy Principessca
y z trhu

na napravna opatfeni dle SZPIl a SVS
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Hodnoceni kvality 1é

UvoD

V moji stfedoskolské odborné €innosti jsem se
zabyvala hodnocenim obsahu necistoty v I1éCivech
pomoci vysokoucinné kapalinové chromatografie a
chromatografie na tenké vrstve.

Sledovanymi latkami byly paracetamol, lidokain a
kyselina acetylsalicylova. Tyto latky jsou bézné
uzivana léciva.

Mym ukolem bylo zjistit kvalitu syntetizovaného
vzorku a porovnat jej se standardem, pfipadné
charakterizovat pfitomné necistoty.

Toto téma jsem si vybrala, jelikoz mé zaujala jeho
napli a pfedevsim prace s technikou, ke které se
béZné nedostanu.

EXPERIMENT

Mobilni faze TLC

Kyselina acetylsalicylova

32,5 ml hexanu, 15 ml ethylacetatu a 1 ml
kyseliny octové

Paracetamol

8 ml metanolu, 30 ml chloroformu a 2 ml
kyseliny octové

Lidokain

8 ml metanolu, 30 ml chloroformu a 2 ml
kyseliny octové

Mobilni faze HPLC

Mobilni faze byla pro v§echny vzorky stejna
smés pufru a acetonitrilu v poméru 85:15

Pufr pfipraven z 0,788 g mravenéanu
amonného a 475 ml destilované vody

Analyza TLC

Mobilni faze nalita do vyvijeci komory

Do vani¢ky umisténa silufolova deska s
nanesenymi vzorky

Vyvijeni
Umisténi chromatogramu pod UV lampu
Zaznamenani skvrn

Analyza HPLC

Nastfik standard(l a analytu

Putovani vzorkl kolonou pfi teploté 30°C a pfi
pritoku mobilni faze 0,2 ml za minutu

Detekce pfi vinovych délkach 202 nm (ASA),
246 nm (PARA), 210 nm (LIDO)

ZAVER

V moji praci jsem se zabyvala hodnocenim IéCiv
pomoci metod HPLC a TLC. Sledovala jsem
kvalitu zhotovenych IéCiv a to paracetamolu,
lidokainu a kyseliny acetylsalicylové.

Béhem méreni jsem zjistila, Ze metoda TLC
nezaznamenala Zadné necistoty na
chromatogramu kyseliny acetylsalicylové,
paracetamolu ani lidokainu.

Metoda HPLC vSak odhalila necistoty u kyseliny
acetylsalicylové. Necistota byla identifikovana
jako kyselina salicylova. U lidokainu a lidokainu
z mikrovinného reaktoru byly také detekovany

necistoty viz tab.

¢. 11 atab. €. 12

U paracetamolu se nevyskytovala zadna
necistota.

Mezi moje hlavni cile patfilo porovnani u€innosti
metod HPLC a TLC z nékolika hledisek:
presnost, dostupnost, finan¢ni zatéz a slozitost
téchto metod

také méné Casové narocna, ale vyrazné dI’aZSI
Metoda TLC je tedy spiSe pro orientaci. Je vSak
snadnégji a o mnoho levnéjsi.

St&panka Rikanova
Strfedni pramyslova Skola chemicka Brno, Vranovska 65

rikanovastepa@

gmail.com

VYSLEDKY A DISKUSE

Vysledky -kyselina
acetylsalicylova
TLC

e Obr. ¢
lampou

» Tab. €. 1: Reten¢ni faktory srovnavanych
latek

Vzdalenost 2,4

. 1: Chromatogram vzorku pod UV

Vysledky-paracetamol
TLC

» Obr. €. 4: Chromatogram vzorku pod UV

lampou

+ Tab. €. 4: Retenéni faktory srovnavanych

latek

Vzdalenost
(em) (cm) 6.9 66 12,5
R (cm) 0,34 0,40 0,50 R, (cm) 0,87 0,84 0,32
HPLC HPLC

» Obr. ¢
acetylsalicylové

» Tab. €. 2:Vysledky reten¢nich ¢asu y
standard( analytu a necistoty

. 2: Spektrum standardu kyseliny

Kyselina
acetylsalicylova 5,6965 0,0035 0,061
Kyselina
salicylova 6,2580 0,0050 0,079

58 300 400 500 600

Obr. &. 5: Spektrum standardu
paracetamolu

» Tab. €. 5: Vysledky rete¢niho €asu
standardu a necistoty

Paracetamol 8,4915 0,0015 0,0176

4-aminofenol 2,6270 n n

» Obr. . 3: Chromatogram vzorku kyseliny
acetylsalicylové

» Tab. €. 3: Vysledky vzorku kyseliny .
acetylsalicylové

Kyselina

acetylsalicylova 5,682 0,005 0,087
Kyselina
salicylova 6,266 0,014 0,215
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Obr. &. 6: Chromatogram vzorku
paracetamolu

Tab. €. 6: Vysledky vzorku paracetamolu

Paracetamol 8,4865 0,0035 0,0413

4-aminofenol ND n

¢iv pomoci metod HPLC a TLC

Vysledky-lidokain
TLC

» Obr. &. 7: Chromatogram analytu pod UV
lampou

» Obr. ¢. 7: Retenéni ¢asy srovnavanych
latek

Vzdalenost
(cm) 3,1 3,3 3,3
R (cm) 0,34 0,36 0,36

555500 555 550 600

e Obr. &. 8: Spektrum standardu lidokainu
» Tab. €. 8: Vysledky reten¢niho ¢asu
standardu a necistoty

~ tR(min) SD  RSD (%)
Lidokain 3,8385 0,0015 0,0391
2-chlor-N-

(2,6-

dimethyl-

fenyl)-

acetamid 10,4170 0,0400 0,3839

» Obr.
e Tab.

3,8465

€. 9: Chromatogram vzorku lidokainu
€. 9: Vysledky vzorku lidokainu

lidokain 0,0035 0,0909

meziprod

ukt 10,4150 0,0320 0,3072



Stanoveni antioxidacni aktivity vybranych ovocnych
st’av v zavislosti na tepelné uprave

Tereza Polanska
Gymnazium Brno-Recdkovice, Terezy Novakove 2, 621 00

uvoD

Antioxidanty jsou latky, které jsou syntetizovany,
popripadé ziskavany z prostfedi aerobnimi
organismy. Slouzi jako obrana proti posSkozeni
atomarnim kyslikem, jez je bézné pritomen
v atmosfere, € jinymi volnymi radikaly vznikajicimi
v. télech téchto, organismlu. Lidé prijimaiji
antioxidanty.  prostfednictvim  potravy, velmi
vyznamnou skupinou zdroji je ovoce. Tento
vyzkum se zabyva obsahem vitaminu C,
fenolickych latek a celkovou' antioxidacni aktivitou
tfi vzorkl celedi rGzovitych a tri vzorkd celedi
routovitych (citrusti) zacerstva a po tepelné uprave.

EXPERIMENT

1) Stanoveni obsahu vitaminu C - titrace
titracni standard — roztok jodu (c=5 mmol/l' pro
citrusy a ¢=0,5 mmol/l pro rtzovité)
titr — vzorek (10 ml pro routovite, 50 ml
pro rtzovite), 2 ml 10% H,SO, , 50 ml H,O
indikator — 1 ml Skroboveho mazu
standard'- Na,S,0; (c=0,01 molll)
rovnice standardizace:
I, + 2Na,S,0; — 2Nal + Na,S,04
rovnice titrace:
CeHgO4 + I3 + H,O — CgHgOg + 31- + 2H*
Kazdy vzorek byl titrovan celkem ffikrat, nasledné
byl vypocitan obsah vitaminu C ve Stavé pomoci
nasledujiciho vzorce:
m = c(l,) * v(ly) * 176

(176 g/moal je molarni hmotnost vitaminu C)

2)|Fotometrické stanoveni obsahu fenolt
Do jedné zkumavky byly napipetovany nasledujici
|atky:
2 ml NaHCO;
0,5 ml ECR (Felin—Ciocalteu reagent)
0,25 ml (ruzovite kromesblumy), 0,2.ml (citrusy)
nebo 0,05 ml (blumy) vzorku doplnéného vodou
na 3 ml

Do druhé zkumavky byla misto 'FCR pridana, voda
(slepy: vzorek = blank).

ECR reagovalo s fenolickymi latkami pritomnymi v
ovocne Stave za vzniku zabarveni.\Reakce byla
urychlena vlozenim zkumavky do vodni lazné
(M=757C) po dobu 1 minuty.

Pomoci spekirofotometru Helios byl meéren rozdil
absoerbance ovocné stavy a blanku pri 650 nm.

S vyuzitim roztoktl pyrokatecholu (benzen-1,2-diol;
0,15 0,2; 0,3 a 0,4 mg/ml) byla vytvorena kalibracni
Krivka.

Vysledna hodnota absorbance byla prepoctena, na
molarnit koncentraci’ pyrokatecholu (na zakladé
rovnice dane kalibracni krivkouy).

3) Stanoveni celkové antioxidacni aktivity (TAA)
2 ml cinidla (priprava - 2 ml roztoku ABTS
c=/mmol/l + 2 ml roztoku K,S,0; ¢c=2,45 mmol/l,
vznikly roztok smichan s fosfatovym pufrem
v pomeéru asi 1:50)
vzorek (0,01 ml rizovite, 0,005 ml citrusy)

Pomoci spektrofotometru Helios byl meéren rozdil

absorbance vzorku (po péti minutach od smichani)

a blanku (samotné cinidlo) pri 734 nm.

Reakci ABTS" s antioxidanty pritomnymi v ovocne

Stave se vzorek odbarvoval.

Byla vytvorena kalibracni krivka a hodnoty byly

prepocitany na molarni koncentraci pyrokatecholu.

VYSLEDKY A DISKUSE

rizovité - jablko, hruska, bluma
routovité - pomeranc, citron, mandarinka

VSechny druhy ovoce byly zakoupeny v obchodnim
retézci Globus, odStavnény a Stava byla zfiltrovana.
tepelna Uprava — vodni lazen (T=75°C), 25 minut

1) Obsah vitaminu C

rozdi
_ 5.69%

5.69%
pomerane | 551,72 504,22 -
citon | 437,62 399,57 -

Tab. 1:  Obsah vitaminu C v ovocnych Stavach

{hodnoty jsouiuvadény v mg/l)
stavy z ruzovitych druhu maji daleko mensi
mnozstvi vitaminu C

tepelnou  Upravou dochazi ke  ztratam
na vitaminu C v rozmezi 4-10 %

2) Obsah fenolu

Tab. 2:  Obsah fenol(i v ovocnych Stavach
(hodnoty jsou uvadény v mmol/l pyrokatecholu)
kromé blumy majii fenoly wySSii koncentraci
po tepelné upravé
bluma ma nejvyssi koncentraci fenolti ze vsSech
vzork(l

3) Celkova antioxidacni aktivita

vareny

Tab. 3: Celkova antioxidacni aktivita ovocnych
Stav

buma | 365 288 077

{hodnoty jsou uvadeény v. mmol/l pyrokatecholu)
kromeé blumy se u vsech vzorkl zvysila celkova
antioxidacni aktivita po tepelné Uprave
Stavy z citrust maji podstatné vyssi celkovou
antioxidacni aktivitu nez stavy z rGzovitych

Vzorky byly pred mérenim filtrovany (kvuli
fotometrickému stanoveni), neékteré hodnoty se
mohou od nefiltrovanych liSit. Napriklad pfFi titraci
nefiltrované pomerancove stavy bylo nameéreno asi
0 14 % vice vitaminu C nez u filtrovane.

Ve stavach z citrusu je daleko vice vitaminu C, coz
muze byt mimo jiné zplUsobeno filtraci ¢i samotnym
zpusobem odstavneni. Dle nékterych zdrojl
obsahuiji jablka kolem 10 mg vitaminu C na 100 g.
Vysledky titrace ukazaly, ze ve filtrovane jablecne
stave odpovida 10 mg vitaminu C asi 830 ml.

Po zahrati ve vodni lazni po dobu 25 minut doslo
k Ubytku mnozstvi vitaminu C ve Stavach. Zaroven
se vSak zvysil obsah fenolu a celkova antioxidacni
aktivita (kromé Stavy z blum). To mohlo byt
zplsobeno odstépenim  struktur, které byly
pred zahfatim navazany na hydroxylovych
skupinach. Tato domnénka vSak zatim nebyla
potvrzena.

ZAVER

ubytek vitaminu C po tepelné uprave (4-10 %)
vysSi obsah vitaminu C ve Stavach z citrusu,
vysSSi TAA

bluma ma vice vitaminu C i wvyssSi TAA
nez ostatni rizovite

po 25 minutach tepelné Upravy zvyseni obsahu
fenolti a TAA u vSech kromé blumy.

bluma obsahuje nejvice fenolt



simulujici lidskou kuzi

! stredni priimyslovd $kola chemickd Brno

Autor Tomas Gazarek' !
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Skolitel Ing. Jifi Smilek 1951
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KlZe tvofi ultimatni bariéru mezi lidskym télem a okolnim
prosttedi a tim ho

chrdni prfed biologickymi,

mechanickymi, fyzikdlnimi a chemickymi vlivy. Je
semipermeabilni (polopropustna), coz muize lidskému télu
Skodit napf. propousténim chemickych polutant(, ale také
prospivat. Studium semipermeability kGze je hlavnim
pfedmétem tohoto vyzkumu. Konkrétné se zabyva
srovnanim penetracnich vlastnosti a s tim spojenych
analgetickych ucinkd vybranych, komeréné zakoupenych

geld.
Pro srovnani byly vybrany 3 gely rGznych vyrobcl
s riznymi ucinnymi latkami — Voltaren® Emulgel®, Ibalgin®

Mag= 200X

Obr. 3: Snimek ze skenovaciho elektronového

Signai A = SE1
Image Pixel Size = 734.5 nm
Chamber = 1476403 Pa

IProbe= 80 pA
Width = 1504 mm

GEL a Aulin® gel. Penetracni vlastnosti gell byly testovany
v temperovanych Franzovych difuznich celach, kdy

difundovaly skrze veprovou kizi do fyziologického roztoku,

mikroskopu: priifez veprovou kizi — leva polovina je

pokozka, prava polovina je skara.
odkud byla jejich koncentrace stanovena za pomoci UV-VIS TEN

spektroskopie. Timto zplisobem je mozné na zakladé
penetracnich vlastnosti daného gelu odvodit rychlost

nastupu jeho ucinku.

Obr. 1: Srovndvané gely.

Nejprve byly pfipraveny a proméreny koncentracni rady
vsech geld v rliznych koncentracich a z nich byla vytvofena

EHT # 10.00 KV Signal A = 581 1Prodas  80pA
WO 90 mm Image Pixel Size » 9710 nen Width = 1,989 mm
Mage 150X Chamber = 2.00e-003 Pa

kalibraéni kfivka pro nasledné zjistovani koncentrace gelu

ve fyziologickém roztoku, do kterého gel skrze koiZi Obr. 4: Snimek ze skenovaciho elektronového

difundoval. mikroskopu: pokozka veprové kize.

Vepfovd kiZe byla ziskana jejich opatrnym oddélenim za SESSIESEES et T8 ‘

pomoci skalpelu od ¢erstvého veprového ucha.

A

. 3 L
Signal A = S81 IProbes 80pA

EHT = 1000 KV
WO = 3.0 mm
Mag = 900 X

Obr. 5: Snimek ze skenovaciho elektronového

Image Pixel Size » %14 nm
Chamber » 143e-003 Pa

Obr. 2: KiZe oddélend skalpelem z veprového ucha.

Malé mnoiZstvi kiZe bylo oddéleno, vysuseno a zméreno mikroskopu: detail péru.

pomoci SEM (skenovaci elektronovy mikroskop).

Byla sestavena aparatura sloZzend z Franzovych diflznich
cel, termostatu nastaveného na teplotu lidského téla
tj. 36,5 °C, jako membrany difuznich cel byly pouZity jak
syntetické membrany, tak i veprova kdze. Kazdych 15 min
u kazdé difuzni cely proveden odbér vzorku a jeho
nasledné méreni na UV-VIS. Pred zacatkem experimentu,
respektive po jeho ukoncéeni byla mérena velikost Castic
zkoumanych geld pomoci dynamického rozptylu svétla.

N Bl

Obr. 6: Temperovand difuzni aparatura.

Experiment byl opakovan dvakrat, aby byla zjisténa jeho
reprodukovatelnost a spravnost.
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Jak je patrné z graf(i na obr. 7 a 8 nejlepsi penetracni
vlastnosti ma Aulin® gel, Voltaren® Emulgel® ma
penetracni vlastnosti podstatné horsi, nejhGre dopadl
Ibalgin® GEL.

V grafu na obr. 9 jsou nejlépe viditelné rozdily

v penetracnich schopnostech jednotlivych geld.

Difuzni koeficient je umérnost mezi difuznim tokem
a koncentraénim gradientem. Ciselné je roven latkovému
mnozstvi difundujici slozky, kterd projde za jednotkovou
plochu za jednotku ¢asu pfi jednotkovém koncentracnim
gradientu.

0,06 1
< Aulin® gel

< Voltaren® Emulgel®

><Ibalgin® GEL

koncentrace (%)
o
o
w

0 - - - - .
0 2000 4000 6000 8000 10000
€as (s)

Obr. 7: Graf penetrace pres kizi pfi T= 36,5 °C.

0,14
< Aulin® gel
012 -
- ] Voltaren® Emulgel®
£0,10 X
80,08 - Ibalgin® GEL
£
o 0,06
o
c
Lo04

0 1000 2000 3000 4000 5000 6000 7000 8000
€as (s)
Obr. 8: Graf penetrace pres syntetickou membranu pfi

T=36,5 °C.

- .
3,0E-10 - Membréna

W Kize

2,5E-10 |
% 2,0E-10 |

'S 1,5E-10

1,0E-10 -

diftizni koeficient (m2-s-1)

5,0E-11 -

0,0E+00
aulin ibalgin
vzorek

Obr. 9: Graf difuznich koeficient(.

voltaren

Trend diflize, co se srovnavanych gelll tyce, je stejny pro
syntetickou membranu i pro membranu z veprové klze.
U syntetické membrany a u klze se lisi pouze celkové
mnozstvi penetrované latky. Z vysledk(l je patrné, Ze
nejrychlejsi a i nejsilnéjsi ucinek se dostavi u Aulin® gel,
ddle u Voltaren® Emulgel® a nejpozdéji a nejméné
u Ibalgin® GEL.

- p - O, o
f jlhomoraVSky kraj Tato prace byla provedena za finanéni podpory Jihomoravského kraje. < q JCm m
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Autor nedodal svilj prispévek do uzavérky sborniku.
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Diversity of Haematococcus pluvialis
strains

Dana Byrtusovd, Ing. Radka Koci, Ph.D., prof. RNDr. Ivana Mdrovd, CSc.

Brno University of Technology, Faculty of Chemistry, Institute of Food Science and Biotechnology
Purkyiiova 118, 612 00 Brno, Czech Republic
xcbyrtusova@fch.vutbr.cz

PSI (Photon Systems Instruments), spol. s.r.o.
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1 Introduction

Microalgal organisms are an attractive resource highly used to production of various
bioactive compounds such as unsaturated fatty acids, proteins, carotenoids and other.
Astaxanthin is reddish keto-carotenoid with high antioxidant properties. He was found as
secondary metabolite in Haematococcus pluvialis'?, a unicellular green alga conciderent as
the most potent producer of this pigment, accumulating even 4 % of its dry weight under
unfavorable environmental conditions (high solar irradiance or low nutrient availability).
Haematococcus pluvialis has a very unique life cycle, with four cell stages: vegetative cell
growth, encystment, maturation and germination®+. The production of astaxanthin starts
with the morphological change from motile green vegetative cells towards red cysts. For
each stage the optimal environmental and nutritional conditions are quite differents.

Industrial production of astaxanthin from Haematococcus pluvialis focused on a two-
step process. First, vegetative cells are produced under controlled conditions. After
sufficient growth the culture is exposed to stress with the aim to accelerate accumulation
of astaxanthin. In commercial production, it is often applied a lack of nitrogen, increasing
the temperature and light or addition of sodium chloride to the medias”.

The Haematococcus is cosmopolitan, reported from all continents. In recent years,
several new strains of HMP with interesting properties were isolated as strain, which can
grow and produce astaxanthin at low temperatures, or Arctic strain with elevated salt
tolerance?®. The location of occurrence of different strains of Haematococcus related to
optimal growth conditions, such as pH, temperature or light. During the cultivation is also
necessary to provide sufficient nutrients by selecting the appropriate media. The most
widely used media are BG1l or BBM and temperature range 25-28 °C. In studies
investigating the pH is the best choice pH 71°.
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2 Experimental

2.1 Algal strains, cultivation and medium composition

The strains of Haematococcus pluvialis (HMP) used in presented study were obtained
from german collection EPSAG (SAG 34-1d - strain from Switzerland, SAG 49.94 - strain
from USA, SAG 44.96 — strain from Africa, SAG-192.80 — strain from Germany). Inoculum
was grown photoautotrophically in BG11-medium (Table 1) at 25 °C. Experiments with
different growth media (Table 1) were conducted in photobioreactor Multi-Cultivator MC
1000 — OD (PSI) with 8 independently illuminated vessels (100 pmol photons.m2.s2) and
under controlled temperature (22°C). Each vessel was bubbled with the air enriched by
2 % of COz. The growth of cultivated strains was monitoring by periodically measuring of
optical density at two wavelengths (680 nm, 720 nm). The data was transferred to PC
computer from the Multi-Cultivator internal memory. Moreover the growth of culture
and cell viability were controlled by handly measuring of optical density (680 nm, 720 nm)
and quantum yield (QY) using the pocket size instrument AquaPen (PSI).

Table 1: Composition of the different growth media used (g/L).

Media
Content BG11 BG11+ BBM
NaNO, 149,6 149,6 25
MgS0,.7H,0 7,48 7,48 75
CaCl,.2H,0 3,6 3,6 25
Citric acid 0,6 0,6
Na2-EDTA.2H20 0,123 0,123
Ferrlcc?tr?argonlum 6 60
Na,CO; 20 20
NaCl 25
K,HPO, 30,5 305 75
KH,PO, 17,5
Komplexon IlI 50
EDTA
FeS0O,.7H,0 5
H;BO; 2,86 2,86 11,42
ZnS0,4.7H,0 0,22 22 8,82
MnCl,.4H,0 1,81 1,81 1,44
Na,Mo0,.2H,0 0,39 0,39 2,42
CuS0,.5H,0 0,079 0,079 1,67
Co(NO3),.6H,0 0,049 0,049 0,49

2.2 Growth phases and number of cells

Growth phases and number of cells were determinated by optical microscope under
enlarge 10x100. For calculation of cell number algal cells were fixed with Lugol’s solution
analyzed by Birker chamber.

25



2.3 Calculation of doubling time

The doubling time is the period of time required for a quantity to double in
population growth. It was calculated from growth rate (u) following the equations (1),
where OD1 and OD: are optical densities at time t1 and t2. The doubling time (DT) of alga
cells was calculated according to the formula (2).

_InOD, - InOD, "
-t

p-n2 e
u
2.4 Total nitrogen analysis (TN)

The relationship between the growth of cells and nitrogen content in cultivation
environment was studied. Consumption of nitrogen was determined as concentration of
total nitrogen in medium during the cultivation of HMP. The samples of algal suspension
were taken in several intervals and centrifuged at 5000 rpm for 10 min, 5 ml of
supernatant were diluted with distilled water to final volume 15 ml. The prepared sample
was analyzed using TOC/TN analyzer (TOC-VCSH & TNM-1, Shimadzu Scientific
Instruments).

2.5 ICP-MS analysis of elements

Due to the different original locality of used HMP strains the nutrient demands for
algal growth were observed. Residual nutrients were analysed as the element
concentration on medium during HMP cultivation. 2 ml of algal suspension were taken in
several intervals and filtred using 2 um aqua filters. The supernatant was diluted 10 times
by 3% HNO:s and analysed using ICP/MS instrument (Agilent).

3 Results

3.1 Algal strains cultivation

HMP growth characteristics were determined using 3 different cultivation media. BBM
and BG11 are widely used media for algal and/or cyanobacterial cultivations. BG11+ is the
medium optimized for native Czech strain of HMP. Showed results of growth parameters
were obtained using AquaPen (PSI).

Figure 1 shows the growth of the strains of HMP in BG11 medium, measured by optical
density (OD) at 680 nm. The best growth exhibit the strain from Switzerland with
maximum OD under 0.8, the lowest growth shows the African strain when the growth not
exceeded 0.2.
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Figure 1: ODeso in BG11 medium.

Figure 2 shows the cultivation in BBM medium. The highest ODsso was measured at
strain from Switzerland, while the growth of African strain was very low.
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Figure 2: ODeso in BBM medium.
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The cultivation in medium with 10 times higher concentration of chosen elements
(BG11+) is showed in Figure 3. The strain from Switzerland demonstrate the largest rise of
optical density. German and African strains had similar growth, but maxima of OD are
located at various time.
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Figure 3: ODeso in BG11+ medium.

The best growth was performed by strain from Switzerland in all of media, although
the higher increase of optical density was measured in BBM (ODsso 1.45). The same
medium seems to be also the most suitable for cultivation of HMP strains from Germany
and USA. The lowest growth shows the African strain, although the better growth was
observed in BG11+. Similar results were obtained by measuring of OD at 720 nm (results
not showed).

At the start of cultivations all strains have better physiological state in BBM medium
in range of quantum yield 0.65-0.75. During the cultivation, quantum yield of the strains
from USA, Germany and Africa settled at the range 0.70-0.76 in all media, unlike the
African strain that does not exceed the value 0.70 and during its cultivation QY was
decreased. This decline of QY is linked to weak growth of African strain.

3.2 Growth phases and number of cells

Table 2 shows the number of cells in BG11 medium. The strain from Switzerland
exhibits the highest values, while the cell number of American and German strains was
three times smaller, even though the cultures were characterized by a predominance of
flagelloid cells. The lowest values were measured at African strain, which did not exceed
200 000 cells/ml.

Table 2: Number of cells in BG11 medium

Time (h) s G USA AF
0 123 333 96 667 123 333 160 000

72 270 000 213333 369 667 126 667
120 910 000 300 000 463 333 150 000
168 1513333 586 667 553 333 163 333
240 1223333 393 333 496 666 153 333
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The number of cells for all HMP strains cultivated in BG11+ is summarized in the
Table 3. The highest number of cells shows the strain from Switzerland, which reaches
nearly 2 000 000 cells/ml. The lowest values were measured at African strain, which did
not exceed 1 000 000 cells/ml.

Table 3: Number of cells in BG11+ medium

Time (h) s G USA AF
0 106 667 106 667 86 667 113 333

48 160 000 170 000 203 333 100 000
144 436 667 1353 333 1183 333 180 000
192 1193 333 463 333 540 000 446 667
288 1883 333 713333 456 667 460 000
336 810 000 186 667 143 333 776 667
384 1236 667 283 333 206 667 496 667
408 603 333 43333 140 000 396 667
456 416 667 6 667 150 000 453 333

In all media the lowest number of cells exhibited the strain from Africa and during the
cultivation showed high increase of forming palmelloid cells, which refers to the poor rise
of the biomass. The highest number of cells reaches the strain from Switzerland, mainly in
BBM medium (Table 4) with the gradual increase of palmelloid cells.

Table 4: Number of cells in BBM medium

Time (h) s G USA AF

0 166 667 116 667 103 333 90 000
48 250 000 176 667 270 000 193 333
144 1290 000 660 000 1352 000 106 667
192 2380 000 1420 000 1503 333 153 333
288 1940 000 1200 000 1690 000 450 000
336 1526 667 400 000 756 667 366 667
384 1406 667 160 000 943 333 623 333
408 646 667 80 000 486 667 216 667
456 546 667 53 333 73333 86 667

3.3 Doubling time (DT)

The most shorter doubling times (25 h) were calculated in experiments with HMP
strains from Switzerland and Germany both in BBM medium. American strain shows the
best DT 31 h in BBM cultivation too. While the highest values of DT were observed in the
BG11 medium, where growth was slowest in all strains. The strain from Africa exhibited
the shorter DT 47 h in BG11+ cultivation, where the highest growth was observed.
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3.4 Total nitrogen analysis

The amount of nitrogen in cultivation environment is related with the growth of
cultures (results not showed). In experiments with BBM medium the levels of total
nitrogen were completely decreased under limited concentration for growth at HMP
strains from Switzerland, Germany and/or USA. The consumption of nitrogen by African
strain was significantly lower due to poor rise of biomass. The similar trends of nitorgen
depletion were observed at BG11+ medium in all strain cultivations including HMP from
Africa, but the final determined concentration of nitrogen was not under growth limits.

3.5 ICP-MS analysis

Elementary analysis was used for monitoring of the nutrient level in medium during
the cultivation with the aim to determine individual demands of HMP strains from
different locations (results not showed). During the cultivation highest usage of P, Zn and
Fe was observed in BG11 medium. The limited amount of P may be caused first to the
usage of element in energetic metabolism, second to its absorption on the surface of cells.
Important decrease of Fe and Zn in medium could be due to higher oxydo-reduction
activities in cells obeserved mainly at strain from Switzerland. The element K is presented
in higher concentration in media BBM and BG11+, which probably caused the increase of
Mg and Mn consumption. This reaction could be a form of stress response to the presence
of osmoactiv compound in cultivation medium. There was no significant difference in
element amounts and/or consumption trends between individual HMP strains.

4 Conclusion

With the growing demand of natural astaxanthin is also growing development of
cultivation devices and exploring different strains of Haematococcus from different
localities?0.

From all studied cultures mainly the strain of Switzerland achieves the highest
optical density, number of cells, quantum yield and the lowest doubling time in BBM
medium. It should be the potential candidat for biotechnolgical use under described
growth conditions. On the opposite side, the strain from Africa exhibited the lowest
growth rate and highest doubling time, although higher increase of culture biomass was
observed in BG11+. For strains from USA and Germany is more suitable BBM medium
with highest amount of flagelloid cells in the suspension. The consumption of nitrogen
corelates with optical density in all studied strains as well as the element demands were
very similar in all used cultures too.

The next experiments will be focused on the effects of chosen physical factors like
temperature, light intensity, pH of cultivation medium etc. on the growth of studied
strains.

30



5 References

10.

KANG, CH. D, et al. Astaxanthin biosynthesis from simultaneous N and P uptake
by the green alga Haematococcus pluvialis in primary - treated wastewater.
Biochemical Engineering Journal. 2006, Vol. 31, No. 3, P. 234-238.

CHEN, Z., WANG, G., NIU, ]. Variation in Rubisco and other photosynthetic
parameters in the life cycle of Haematococcus pluvialis. Chinese Journal of Oceanology
and Limnology. 2012, Vol. 30, No. 1, P. 136 145.

WANG, B, et al. Callular Capacities for High-Light Acclimation and Changing lipid
Profiles across Life Cycle Stages of the Green Alga Haematococcus pluvialis. PloS
ONE. 2014, Vol. 9, No. 9, P.

NOROOZI, M., et al. Morphological Changes in the Life Cycle of the Green Alga
Haematococcus pluvialis. Journal of Fermentation and Bioengineering. 1997, Vol. 84,
No. 1, P. 94-97.

CIFUENTES, A, et al. Optimalization of biomass, total carotenoids and astaxanthin
production in Haematococcus pluvialis Flotow strain Steptoe (Nevada, USA) under
laboratory conditions. Biological Research. 2003, Vol. 36, No. 3 - 4, P. 343-357.
RICHMOND, A. Handbook of Microalgal Culture. Second Edition, 2013. John Wiley &
Sons. 719 s. ISBN 978-1-118-56718-0.

LORENZ, R., CYSEWSKI, G. Commercial potential for Haematococcus microalgae
as a natural source of astaxanthin. Trends in Biotechnology. 2000, Vol. 18, No. 4, P.
160-167.

NOROOZI, M., et al. Comparative biodiverzity and effect of different media on
growth and astaxanthin kontent of nine geografical strains of Haematococcus pluvialis.
African Journal of Biotechnology. 2012, Vol. 11, No. 84, P. 15049-15059.

ALLEWAERT, C., et al. Species diversity in European Haematococcus pluvialis
(Chlorophyceae, Volvocales). Phycologia. 2015, Vol. 54, no. 6, P. 583-598.
GARCIA-MALEA, M. C, et al. Modelling of growth and accumulation of
carotenoids in Haematococcus pluvialis as a fiction of irradiance and nutrients supply.
Biochemical Engineering Journal. 2005, Vol. 26, No. 1-3, P. 107-114.

31



Synthesis of Oxandrolone Metabolites

Pavol Csibal
Nicolas Kratena, Peter Girtner

1Slovak University of Technology, Faculty of Chemical and Food Technology, Department of
Organic Chemistry
Radlinského 9, 812 37 Bratislava, Slovakia
2Vienna University of Technology, Faculty of Technical Chemistry, Institute of Applied Synthetic
Chemistry
xcsiba@stuba.sk

1 Introduction

The scope of the work was to synthesise intermediates of metabolites of
Oxandrolone, which are in interest in doping analysis. Oxandrolone is synthetic anabolic
steroid, derivate of dihydrotestosterone with oxygen on position 2 and methyl group on
position 17. The suggested route for synthesis of Oxandrolone metabolite M2 is shown on
Figure 1. The starting material of the synthesis is protected epiandrosterone or protected
dehydroepiandrosterone which has to be hydrogenated during the synthesis. In synthesis
of M1 metabolite, epimerization of methyl group on position 13 has to be performed as
first step as shown on Figure 2. A similar way is used in synthesis of metabolites of other
steroids.

CHy / CH. CH.
ethylenation ( 10, H,S0,
A¢0H
PG
cH, AcONg_ mCPBA
HOOC
HooC

Figure 1: Synthesis of M2 metabolite

/(ig:tg 0- phenylened1am1ne
PG

Figure 2: Epimerization of methyl group on position 13
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2 Experimental

During synthesis of selected intermediates, different synthetic, isolation and
identification methods were used.

For TLC, Merck Millipore TLC Silica gel 60 W F254s was used. The spots on plates
were detected by aqueous solution containing 10 % ceric sulfate and 15 % sulfuric acid.
Column chromatography was performed on Merck Millipore Silica gel 60 (0.040-0.063
mm) as stationary phase. MPLC was performed on device from company Biichi with the
same stationary phase as for column chromatography. For all chromatographic
procedures, different mobile phases were used. The ratios of solvents in mobile phases is
given as ratio by volume. Given Rf values were obtained on TLC plates.

For filtration of palladium on carbon from reaction mixture, Merck Millipore Celite®
545 was used.

Structure of products was confirmed using NMR. NMR spectra were obtained on
device Bruker Avance 200 MHz, the structure of Oxandrolone was confirmed on Bruker
Avance 400 MHz. Chemical shifts are referred to TMS (d = 0 ppm), the samples for NMR
were dissolved in CDCls. Reference spectra were obtained using prediction tool from
Institute of Chemical Sciences and Engineering of Swiss Federal Institute of Technology in
Lausanne!. Multiplets of hydrogens on steroid skelet were not interpreted.

In synthesis, commercially available chemicals and solvents from companies
International Pharmaceuticals, VWR Chemicals, Sigma Aldrich, Fluorchem, Fluka,
Aldrich Chemistry, Acros Organics and Merck were used, along with previously prepared
chemicals. During all synthetic and work-up steps, distilled water was used and is
referred as water.

2.1 Epimerization of dehydroepiandrosterone acetate

The intermediates of M2 metabolite of Oxandrolone have configuration (S) on the
carbon on position 13. The intermediates of M1 metabolite have configuration (R) on the
same position. Therefore, in order to obtain both isomers, epimerization of methyl group
on position 13 has to be done as first step in the synthesis. The reaction scheme is shown
on Figure 2, with dehydroepiandrosterone acetate as starting material.

1 equivalent of dehydroepiandrosterone acetate (7.300 g, 0.22 mol) and 1.7
equivalents of o-phenylenediamine (3.970 g, 0.37 mol) were dissolved in 75 cm? acetic acid
obtaining brown-orange solution which was refluxed overnight. Afterwards, the reaction
mixture was let to cool down by r.t., mixed with 100 cm?® water and extracted with 150 cm3
ethyl acetate. Organic phase was washed with small portions of water, neutralized with
sodium bicarbonate, dried over sodium sulfate and solvent was evaporated. Water phase
form first extraction was extracted with 70 cm? ethyl acetate and worked up in the same
way. The product of both extraction was dissolved in dichloromethane and purified by
MPLC with petrol ether and ethyl acetate (15 % to 35 % of ethyl acetate) as mobile phase.
Starting material was recovered from MPLC. Structure of product was confirmed by 'H
NMR. All over, 4.700 g of product in form of white crystals were obtained (yield of 64 %).
H NMR: 6 = 5.406 (d, ] = 4.89 Hz, carbon 6), 4.685-4.524 (m, carbon 3), 2.533-2.091 (m),
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2.033 (s, CHs of acetyl group), 2.008-1.135 (m), 1.045 (s, CHs on carbon 10), 0.884 (s, CHs on
carbon 13) ppm. Rf = 0.467 (petrol ether / ethyl acetate, 13:7)2.

2.1 Protecting groups in Oxandrolone metabolites synthesis

In the synthesis of target molecules, various protecting groups were used. During
synthesis steps, the protecting groups had to be introduced to or removed from substrate
in order to avoid unwanted reactions on hydroxyl group on position 3.

(13S) epimer of dehydroepiandrosterone acetate was deprotected in order to
introduce fert-butyldimethylsilyl protecting group. Such protected compound was later
used in methylenation reaction. To 1 equivalent of pure (13S) epimer of
dehydroepiandrosterone acetate (0.201 g, 0.61 mmol), 2.5 equivalents potassium carbonate
(0.210 g, 1.52 mmol) and 10 cm?® methanol were added and the reaction mixture was
refluxed for one hour. Reaction scheme is shown on Figure 3. The solvent was evaporated,
the rest was mixed with 5cm3 water and three times extracted with 5cm3
dichloromethane. The organic layer was dried over sodium sulfate and the solvent was
evaporated. Yield of the reaction is almost quantitative. Product of the reaction is
dehydroepiandrosterone (1a)®. 'H NMR: 6= 5.406 (d, | = 4.89 Hz, carbon 6), 4.685-4.524 (m,
carbon 3), 2.533-2.091 (m), 2.033 (s, CHs of acetyl group), 2.008-1.135 (m), 1.045 (s, CHs on
carbon 10), 0.884 (s, CHs on carbon 13) ppm. Rf = 0.255 (petrol ether / ethyl acetate, 3:1).

CH, P CHg

CHs K,CO, / MeOH CHs
B ——
reflux

AcO HO

Figure 3: Deprotection of dehydroepiandrosterone acetate

Tert-butyldimethylsilyl protecting group was introduced to the molecules of
dehydroepiandrosterone and epiandrosterone to protect hydroxyl group during
methylenation reaction performed on position 17. During synthesis we have found out
that acetic protecting group is hydrolyzed in basic conditions of the reaction and therefore
has to be replaced with protecting group not sensitive to basic conditions. Procedure of
introduction of fert-butyldimethylsilyl group into dehydroepiandrosterone and
epiandrosterone is the same. To 1 equivalent of steroid 1.8 equivalents of fert-
butyldimethylsilyl chloride and 2.2 equivalents of imidazole were added. The mixture
was dissolved in 5 cm? dimethyl formamide and stirred by r.t. for three days. Solvent was
evaporated, obtained solid was dissolved in mixture of 1 cm? 2 M hydrochloric acid, 5 cm?
water and 5 cm?® ethyl acetate. Water layer was extracted two times with 5 cm? ethyl
acetate, combined organic layers were washed with 10 cm3 water, dried with sodium
sulfate and the solvent was evaporated. Dehydroepiandrosterone was fully converted into
desired product, epiandrosterone was purified by column chromatography (mobile phase
petrol ether / ethyl acetate, 15:1) to give a yield of 50 %. In both products, traces of
dimethyl formamide were still detectable by 'H NMR. Reaction scheme of introduction of
the tert-butyldimethylsilyl group is shown on Figure 44 The yield of both reactions
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together with Rf values with petrol ether and ethyl acetate (rations given in table) and
chemical shift from 'H NMR are given in Table 1.

TBDMS._
HO TBDMSCI o

CH, o] imidazole / DMF CHj ?

TBDMS
HO ~o

Figure 4: Protection with tert-butyldimethylsilyl chloride

During the synthesis, dehydroepiandrosterone pivalate was used in hydrogenation
reaction. The comparison of pivalate and acetate protecting group in the hydrogenation
reaction is given in respective section.

Table 1: Properties of TBDMS protected dehydroepiandrosterone and epiandrosterone

Code Substrate PG Yield Rf . 1HNMR
(solv. ratio) (ppm)
5.285 (d, J = 4.9 Hz, carbon 6)
3.426 (it, J = 10.8, 5.8 Hz, carbon 3)
2.338 — 1.198 (m)
1b dehydro- TBDMS 100 % 0767 .996 (s, CH, on carbon 13)

epiandrosterone (10:1)

0.856 (s, CH; on carbon 10)

0.830 (s, CHj; of tert-butyl)

0.001 (s, CH; of TBDMS)

3.501 (m, carbon 3)

2.364 — 1.208 (m)

0.577 0.834 (s, CHj; of tert-butyl)

(15:1) 0.804 (s, CH; on carbon 13)
0.775 (s, CH; on carbon 10)
0.000 (s, CH; of TBDMS)

1c epiandrosterone  TBDMS 50 %

2.2 Hydrogenation on palladium catalyst

In the starting material, dehydroepiandrosterone, is endocyclic double bond
between carbons on positions 5 and 6. This endocyclic C=C bond is missing in
Oxandrolone and its metabolites and intermediates of metabolites, therefore
hydrogenation of the double bond must be performed prior to methylenetion reaction on
carbonyl carbon in position 17. One of the easiest and cheapest way is to use hydrogen
under high pressure and palladium on carbon as catalysts. As well, this reaction gives
excellent yields. The hydrogenation reaction was performed on (13R) epimer of
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dehydroepiandrosterone protected with acetate and pivalate group. Reaction scheme is
shown on Figure 5.

CH3/O CHj

CH, H,, Pd/C CH,

[ — .

EtOH

PG PG

Figure 5: Hydrogenation of protected dehydroepiandrosterone

The hydrogenation process was the same for both acetate and pivalate protected
substrate. 1 equivalent of substrate was dissolved in ethanol and argon atmosphere was
introduced. Afterwards, palladium catalyst in form of palladium on carbon was added
(amount in mol. percentage is given in Table 2) and balloon with hydrogen was connected
to apparatus (has to be refilled daily). The reaction was allowed to stir for four days (or
until signals of endocyclic double bond were not detectable by NMR anymore). After the
end of the reaction, the solution was filtrated over Celite and washed with ethanol until
clear colourless solution was obtained®. Then solvent was evaporated to obtain product in
form of white crystals. The properties of products with acetate and pivalate protecting
group are compared in Table 2.

Table 2: Properties of acetate and pivalate protected (13R) epimer of epiandrosterone

Yield 1HNMR
0,
Code PG % Pd (%) (ppm)
4.622 (dt, J = 10.7, 5.4 Hz, carbon 3)
2.379 — 2.040 (m)
23 acetate 29 90 1.959 (s, CH; of acetate)

1.808 — 1.092 (m)
0.910 (s, CH; on carbon 13)
0.606 (s, CH; on carbon 10)

4.649 (m, carbon 3)
2.296 — 1.260 (m)

2b pivalate 3.0 90 1.172 (s, CHj; of pivalate)
0.976 (s, CH; on carbon 13)
0.681 (s, CH; on carbon 10)

2.3 Methylenation of ketone on position 17

The methylenation reaction of ketone on position 17 on steroid skelet is crucial
reaction that has to be performed before the oxidation of hydroxyl group on position 3 to
dicarboxylic acid. Otherwise, there would be two possible reaction centers for oxidation
reaction. This can lead to opening of both A and D rings of steroid.

During our synthetic study, it was very hard to obtain any product by Wittig
reaction, even by trying different combinations of bases and solvents. The Wittig reaction
was performed only on (13S) epimer of epiandrosterone and dehydroepiandrosterone.
During synthesis we have found out that acetate protecting group is unstable in the
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reaction conditions. This was the purpose of introducing the tert-butyldimethylsilyl
protecting group into the starting material. Since Wittig reagent is sensitive to humidity
and air, the reaction was performed under argon atmosphere. Comparison of all Wittig
reactions performed are given in Table 3.

The common procedure for Wittig reaction performed with potassium fert-butoxide
in dry DMSO is following: Equimolar mixture of methyltriphenylphosphonium bromide
and potassium tert-butoxide (5.4 to 7.4 equivalents) were dissolved in small amount of dry
DMSO (approx. 2 cm?) and heated to 80°C for one hour. Afterwards, 1 equivalent of
steroid dissolved in small amount of dry DMSO was added to the reaction mixture. The
reaction was stirred for 2 hours at 80 °C and controlled by TLC with petrol ether and ethyl
acetate (10:1) as mobile phase. The reaction mixture was poured into ice, 2 cm?® Brine were
added and water phase was extracted three times with 3 cm3 diethyl ether. Combined
organic layers were dried over sodium sulfate and solvent was evaporated®.

For reaction performed with n-butyllithium, another approach was used. Equimolar
mixture (4.8 equivalents) of methyltriphenylphosphonium bromide and n-butyllithium
was stirred by 0°C for 1 hour in absolute THF. Then, 1 equivalent of steroid
(epiandrosterone) in 15 cm?® THF was added. The reaction mixture was stirred overnight
by r.t. and then refluxed for another 4 hours. The mixture was let to cool to r.t., poured
into water and extracted with diethyl ether. Combined organic layer were dried with
sodium sulfate and the solvent was evaporated”.

The Wittig reaction was performed with sodium hydride as base as well on steroid
with and without endocyclic double bond protected with tert-butyldimethylsilyl group.
Mixture of 1.5 equivalents of methyltriphenylphosphonium bromide and 5 equivalents of
sodium hydride in form of 60 % dispersion in mineral oil was stirred in THF by r.t under
argon atmosphere until the colour changed. Afterwards, steroid dissolved in THF was
added and reaction was controlled by TLC. The 'H NMR spectra of crude products show
new signals which could belong to the methylene group on position 17. By the end of my
work, the product was not purified, so I am not able to evaluate the results.

Table 3: Comparison of Wittig reactions

Code PG Edg(;)g:lic Base Solvent Ef:;:‘e:t
3a AcO yes tBuOK DMSO yes
3b - no tBuOK DMSO no
3b - no nBuLi THF no
3c TBDMS yes tBuOK DMSO no
3c TBDMS yes NaH THF -
3d TBDMS no tBuOK DMSO no
3d TBDMS no NaH THF -

As shown in Table 3, only one attempt of Wittig reaction was successful. In the
reaction the acetate protecting group was hydrolysed as well, which saves one step in the
synthesis — deprotection. Other methods were tried to give good overview on all
possibilities of the reaction.
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The properties of obtained product (structure shown on Figure 6) are following: 'H
NMR: 6 =5.293 (d, ] = 5.1 Hz, carbon 6), 4.573 (m, methylene group), 3.457 (m, carbon 3),
2.249-1.224 (m), 1.188 (s, CHs on carbon 10), 0.965 (s, CHs on carbon 13) ppm. Rf = 0.186
(petrol ether / ethyl acetate, 10:1).

HO

Figure 6: Product of Wittig reaction performed on dehydroepiandrosterone acetate

Nysted reagent was tried in methylenation reaction as another possibility after the
Wittig reaction did not give sufficient results. The reaction scheme of methylenation using
Nysted reagent is shown on Figure 7. First step of the preparation of Nysted reagent is
activation of zinc. Zinc powder (<10 pm) was mixed with saturated hydrochloric acid and
stirred for 1 minute. The liquid was poured away and solid was washed with small
portions of water, ethanol and diethyl ether and was dried by 50 °C. Under argon
atmosphere, 10 equivalents of zinc (0.458 g, 7.00 mmol), 2 cm?® THF and 3.3 equivalents
dibromomethane (0.400 g, 2.30 mmol) were mixed and cooled down to —40°C. 1.3
equivalents titanium tetrachloride in form of 1 M solution (2.10 mmol, 2.1 cm3) were
added and the mixture was stirred by 0°C for three days. Then, 1 equivalent of
epiandrosterone pivalate (0.260 g, 0.70 mmol.) was added and the reaction was stirred by
r.t. and controlled by TLC. On the 'H NMR spectrum of reaction mixture shows new
signals, so it is possible that the methylenation reaction was successful. However, the
product was not purified during my work in order to confirm the desired product®.

. Cl
THF Br\zn,O\ ~Br TiCl, \

Zn + CH,Br, —> jn —— [Ti=CH,
cl
Zn
CHy /o CH, P2
Cl
CHj Si=CH, CH,

Cl
—_

PivO PiVO

Figure 7: Methylenation using Nysted reagent

2.4 Oxidation to dicarboxylic acid

On the product obtained from one successful Wittig reaction oxidation to
dicarboxylic acid (compound 4) was performed. First step of the reaction is oxidation of
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the hydroxyl group on position 3 to ketone followed by ring opening reaction on ring A.
The reaction scheme is shown on Figure 8.

ch, Sz cH, G2
H
s €10, H,50, s
————— Hooc
AcOH HOOG
HO reflux

Figure 8: Oxidation of C17-methylenated dehydroepiandrosterone to dicarboxylic acid

As first step, 1 equivalent of dehydroepiandrosterone methylenated on position 17
(compound 3a, 0.033 g, 0.12 mmol) was dissolved in 3 cm? of acetic acid and heated to
75°C. Mixture of 1.5 equivalents chrome trioxide (0.017 g, 0.17 mmol), 8.2 equivalents
sulfuric acid (0.05 cm?) and 0.2 cm3 water was added to the solution. Reaction mixture was
refluxed and controlled by TLC (petrol ether and ethyl acetate, 3:1 with addition of 10 %
of acetic acid). After the end of the reaction, the dark reaction mixture was extracted few
times with together 10 cm?® water and 40 cm?® ethyl acetate and organic layer was
evaporated. Afterwards, the solid was dissolved in 15 cm?® of 5 N solution of sodium
hydroxide and extracted two times with diethyl ether (together 15 cm?3). Water phase was
mixed with saturated hydrochloric acid to pH 2. The precipitate was extracted two times
with 15 cm? ethyl acetate, organic layers were combined, washed with water and Brine,
dried over anhydrous sodium sulfate and evaporated!®. From the '"H NMR spectrum of
fraction, which should contain product, is not visible the formation of desired dicarboxylic
acid. Moreover, according to the "H NMR spectrum it seems that the steroid skelet was
partially destroyed by the reaction conditions (missing signals of the skelet). Therefore,
optimisation of the method is needed in order to get dicarboxylic acid.

Since the chrome trioxide is corrosive, highly toxic and carcinogen, the work with it
demands proper precautions. The rests of chrome trioxide was mixed with i-propanol and
poured away once the colour changed to green.

2.5 Oxandrolone extraction

In order to obtain standard of Oxandrolone (structure on Figure 9) in as purest form
as possible, it was extracted from pills from company International Pharmaceuticals
containing 10 mg of Oxandrolone per pill. The pills (together 200 pieces) were crashed and
mixed with water and dichloromethane (150 cm?® each). The mixture was stirred
vigorously by r.t. for one hour. Afterwards, the organic layer was separated and water
phase was extracted with more portions of dichloromethane until no traces of
Oxandrolone could have been detected by TLC. The solid rests were washed with mixture
of water and dichloromethane (1:1) until no Oxandrolone was present (control by TLC).
Combined organic layers were washed with Brine, dried over sodium sulfate and the
solvent was evaporated. Then, the solid was dissolved in small portion of
dichloromethane and purified by filtration over alayer of silica with mixture of
dichloromethane and methanol (50:1). By TLC only one spot was detected. The structure
of Oxandrolone was confirmed by 'H NMR. Together, 1.270 g of pure Oxandrolone was
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obtained (yield of 63.5 %) in a form of white powder which is stored under 0°C. 'H
NMR: 6=4.167 (d, ] =10.9 Hz, carbon 1, ax), 3.854 (d, ] = 11.3 Hz, carbon 1, eq), 2.453 (dd, ]
=18.7, 12.9 Hz, carbon 5), 2.161 (dd, ] = 18.7, 5.9 Hz, carbon 4), 1.786 — 1.186 (m), 1.144 (s,
CHs on carbon 17), 0.939 (s, CHs on carbon 13), 0.797 (s, CHs on carbon 10) ppm. Rf = 0.826
(dichloromethane / methanol, 10:1)!1.

Figure 9: Structure of Oxandrolone

3 Conclusion

During the experimental part, several synthesis were performed with different
yields. The inversion of methyl group on position 13 in dehydroepiandrosterone acetate
gives fair yield (64 %) and the epimers can be divided easily by flash chromatography.

The reaction of removal of acetic protecting group gave almost quantitative yield.
Reactions in which tert-butyldimethylsilyl protecting group was introduced to the
molecule of substrate gave excellent yields, the only issue is the presence of the dimethyl
formamide in the final product which means it can still contain traces of water as well.
Before use in synthesis, traces of dimethyl formamide and water should be removed.

Both hydrogenation reactions with palladium on carbon as heterogenic catalyst gave
excellent yields. The only difficulty in this reaction can occur during filtration of reaction
mixture. Carbon particles can sometimes go through the layer of Celite (they are visible in
the filtrate and the product after evaporation). Multiple filtration through fresh layer of
Celite may be needed.

From several attempts of Wittig reaction, only one of them was successful, with
dehydroepiandrosterone acetate as substrate. Other attempts of introduction of the
methylene group were not successful. It is possible that substrate still contains traces of
water from work-ups, which protonates the Wittig reagent. In order to remove water,
further drying should be performed (e.g. over high vacuum). As well, tough removal of
traces of dimethyl formamide should be perfomed (can hold water). Afterwards, the pure
substrate should undergo the same reaction as dehydroepiandrosterone acetate.
According to TLC and 'H NMR, Nysted methylenation was successful and can be used
instead of Wittig reaction. On the other side, the reaction is not as easily performable as
Wittig reaction.

Oxidation of hydroxyl group and opening of ring A to obtain dicarboxylic acid was
performed, but the reaction did not give any desired product. Furthermore, on 'TH NMR
spectrum are some signals of the original substrate missing, which may mean that the
substrate has decomposed in the reaction conditions. Therefore this method should be
optimised before further use.
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The extraction of Oxanrolone gave good yield. We have obtained standard with high

purity (around 95 % according to 'H NMR analysis).
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1 Uvod

Pociatkom 21. storocia zacalo Iudstvo celit problematike odpadovych vod ako
vaznej hrozbe. Podla agentury WHO sa nedostatok vody tyka takmer polovice svetovej
populacie, ato zdoévodov politickych, ekonomickych a klimatologickych. Narast
mnozstva odpadovych vod je désledkom zvySenia vyroby, rovnako ako zvySovania
zivotnej urovne, kedze tieto aspekty antropogénnej cinnosti su spajané so zvySenymi
poziadavkami na vodu [1]. V sticasnosti sit odpadové vody znecistované Sirokou skalou
polutantov. ZvySend pozornost je venovand najma skupine organickych halogenovanych
polutantov, ktoré sa radia k prioritnym polutantom Zzivotného prostredia. Prioritné
polutanty su charakterizované ich vysokou priemyselnou produkciou, bioakumulaciou
v zivotnom  prostredi, perzistenciou a vneposlednom rade aj tazkou
biodegradovatelnostou. KedZe biologické Cdistiace postupy niesu schopné tspesne
odstranit tieto polutanty z odpadovych vod je nutné v distiarnach odpadovych vod
aplikovat chemické metddy Cistenia. Spomedzi tychto su efektivne najma pokrocilé
oxidacné procesy (AOPs), ktoré degraduju organické znecistenie najednoduché
fragmenty (aldehydy, alkoholy) alebo ho tplne mineralizuju (oxid uhlicity, voda). Silné
oxidacné tcinky AOPs procesov su dosledkom produkcie vysokoreaktivnych kyslikovych
intermediatov. Jednym z najrozsirenejSich AOPs procesov je Fentonova reakcia (FR).
Fentonovsky systém (Zeleznaté kationy + peroxid vodika) produkuje hydroxylovy radikal
ako neselektivne, silné oxidacné ¢inidlo. V dnesnej dobe sa na ekonomicky vyhodnd,
modifikacie alebo systémy s podobnym oxida¢nym tucinkom ako FR. V modifikaciach
sa napriklad vyuzivaju rozne oxidy Zeleza alebo priamo kovové Zelezo. Doraz sa kladie aj
na vyskum nanocastic (nZVI, nanomagnetit), ktoré by vzhladom na ich vac¢si reakcny
povrch a unikatne vlastnosti mohli zvysit degradacnt t¢innost fentonovskych procesov.
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2 Experimentdlna cast

Chlérované polutanty boli degradované s vyuzitim Fentonovej reakcie a jej
modifikacii, akymi st1 systémy ZVI/H2504/H202 alebo FesOs/H20:.

Porovnanim argentometricky stanovenej koncentracie chloridov [c¢(Cl7)] a teoretickej
koncentracie chloridov vo vzorke [c(Cl)r] sa urdila miera degradacie skimanych
polutantov.

2.1 Degradované polutanty

¢ Kyseliny chléroctové
Kyseliny monochléroctova (MCA), dichléroctova (DCA) a trichléroctova (TCA)
st halogenované derivaty kyseliny octovej azaraduju sa k prioritnym polutantom

zivotného prostredia. Chléroctové kyseliny st bezne vyuZzivané pri priemyselnych
syntézach, st ajproduktmi degradacie niektorych organickych rozpustadiel.
Pri chlérovani vody vznikaju ako vedlajsie produkty reakciou chléru s organickymi
latkami vo vode [2]. Zistilo sa, Ze DCA aTCA vznikaja poOsobenim enzymu
chlérperoxidazy v podach bohatych na alifatické ahuminové kyseliny a chloridy
(bioticky). Ich vznik je vSak mozny ajabiotickou cestou, teda len za pritomnosti
huminovych latok FLR reakciou [3]. Uvedené halogénderivaty kyseliny octovej vykazuju
fytotoxické t¢inky na lesné ekosystémy, st taktiez karcinogénne a mutagénne voci zivym
organizmom [4].

o Chloralhydrat

Chloralhydrat (2,2,2-trichldéretan-1,1-diol) bol prvykrat syntetizovany vroku 1832
aod konca 19. storocia je v medicine bezne pouzivany ako sedativum a hypnotikum.
V stiCasnosti sa vyuziva ajako sedativum pri vySetreni sluchovych evokovanych
potencidlov z mozgového kmena (skriningové vySetrenie sluchu) novorodencov [5].
Na pokusnych zvieratach vykazoval chloralhydrat mutagénne a karcinogéne ucinky [6].
Pri dlhodobej expozicii chloralhydratom dochadza u Tudi ku zaZzivacim taZzkostiam,
vyrazke alebo az k multiorganovému zlyhaniu. Predavkovanie moze viest
k neurologickym zmenam, srdcovej arytmii a kéme [7].

o 1,1,2,2-tetrachléretan

1,1,2,2-tetrachléretan (TeCA) sa ako jeden z chlérovanych etdnov radi k prioritnym
polutantom Zivotného prostredia. Chlérované etany maja Siroké priemyselné vyuzitie ako
rozpustadla, suroviny pre priemyselné syntézy, pesticidy, farmaceutikd, prisady

do paliv, chladiace média ¢i pohonné latky. Tento perzistentny polutant vykazuje voci
zivym organizmom toxické ucinky. Uludi sa TeCA akumuluje v peceni, ¢o vedie
k nerovnovahe medzi syntézou a produkciu triglyceridov do krvnej plazmy [8].

e Lindan

Lindan (y-hexachlércyklohexan, LIN) je organochlérovy pesticid, ktory patri
do skupiny perzistentnych organickych polutantov (POP). Vdaka nizkej rozpustnosti vo
vode, vysokej stabilite a vplyvom chléru, obsiahnutom v jeho Struktire, je velmi tazko
degradovatelny a v zivotnom prostredi dochddza kjeho akumuldcii. V roku 2009 bola
produkcia a pouzivanie lindanu v  polnohospodarstve zakazané, nakolko
sa sprava ako endokrinny disruptor, ale jeho vyuZitie vo farmaceutickom priemysle
(liecivo pri vyskyte vsi a svrabu) je stale povolené [9]. Velmi dobra rozpustnost v tukoch
vedie k jeho bioakumuldcii v Zivych organizmoch, do ktorych sa lindan dostava
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cez potravinovy retazec. Chronickd expozicia linddnom vedie k neurologickym porucham
(zachvaty, kfce). Linddn v organizme tiez zvysuje produkciu reaktivnych kyslikovych
intermediatov (ROS), ¢o vedie ku vzniku oxida¢ného stresu a v konecnom doésledku aj ku
fyziologickej nerovnovahe v systéme a patologickym prejavom [10, 11]. Lindan je ako
herbicid stale pouzivany v rozvojovych krajinach a ako perzistentna latka je pritomny
v zivotnom prostredi, kde sa adsorbuje na pddne castice [12].

2.2 Fentonova reakcia a jej modifikacie

Fentonova reakcia (FR) sa v sucasnosti pouziva najméd ako spdsob chemického
preddistenia odpadovych vod pred jej biologickym cistenim. KedZe patri medzi AOPs
postupy je schopna ucinne zdegradovat aj perzistentné halogenované organické
polutanty, ktoré sa v tychto vodach nachadzaju asu biologickym ¢istenim prakticky
nedegradovatelné [13]. Silnym oxida¢nym ¢inidlom, ktoré sa vo FR produkuje je
hydroxylovy radikal (HO*), ktory saradi ku skupine vysokoreaktivnych kyslikovych
intermediatov (ROS). HO* ma vysoky standardny oxida¢ny potencial (2,8 V) a reaguje
s organickymi polutantmi neselektivne [14]. FR objavil v roku 1894 britsky vedec Henry
John Horstman Fenton a publikoval ju vo svojej praci nazvanej ,,Oxidacia kyseliny vinnej
v pritomnosti Zeleza”, v ktorej poukazal na silny oxidacny tcinok na niektoré organické
kyseliny sposobeny systémom: Zeleznaté katiény + peroxid vodika [15].

o Klasicka Fentonova reakcia (Fe?*/H202)

Reagentom klasickej Fentonovej reakcie je systém Fe2/H:0:2 (Fentonove cinidlo) (1).
Klasicka FR je homogénna reakcia, ktora prebieha radikdlovym mechanizmom,
zahfnajucim jedno-elektrénovi redukciu peroxidu vodika rozpustnymi Zeleznatymi
solami. V tomto stupni st produkované hydroxylové radikdly, ktoré su schopné
zoxidovat vacsinu organickych molekal [16]. Vyhodou pouzitia FR pri Ccisteni
odpadovych vod je okrem nizkych prevadzkovych nakladov aj fakt, Ze nezatazuje zivotné
prostredie.

Fe?* + H202 — Fe3 + HO* + HO- 1)

e Vyuzitie nanomagnetitu vo Fentonovej reakcii (FesOs/H>0»)

Reakény systém FesOs/H202 ako modifikdcia FR je heterogénna reakcia. V magnetite
(FesO4) st viazané Fed* aj Fe? idny a od ich pomeru zavisi aj reaktivita magnetitu. Bolo
preukazané, ze oxidy Zeleza dokdzu iniciovat heterogénne redoxné reakcie na rozhrani
pevnej fazy a roztoku. Zalma a kol. [17] uviedli, Ze oxidy Zeleza ako magnetit (y-FesOs),
hematit (a-Fe20s) a krokydolit (modry azbest) produkuja hydroxylové radikaly
v pritomnosti peroxidu vodika oxidac¢no-redukénymi reakciami na povrchu tychto

oxidov. V sucasnosti st nanomateridly velmi Siroko priemyselne vyuzivané. Zvysena
pritomnost tychto nanocastic v Zivotnom prostredi vedie k skiimaniu ich biotoxicity.
Hydroxylové aj superoxidové intermediaty sa radia k ROS sposobujucim
v organizmoch oxidaény stres, ktory patri medzinajrozsirenejSie mechanizmy
vyvolavajtce toxické efekty [16].

e Vyuzitie kovového Zeleza vo Fentonovej reakcii (ZVI/H20»)

Modifikacia FR vyuZzivajtca reakény systém Fe®/H2SO4/H:20:2 je heterogénna reakcia, ktora
ma v porovnani s klasickou FR vyssiu tc¢innost pri degraddcii perzistentnych organickych
polutantov, a to pri SirSom rozsahu pH [18]. Pri aplikacii kovového Zeleza (ZVI) vo FR
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dochadza v kyslom prostredi k priebeznému vzniku Zeleznatych katiénov a zaroven je
produkovany aj vodik (2), ktory ma silné redukéné ucinky atak napomadha
pri degradacii odolnych polutantov. Fe? iény nasledne reaguju s peroxidom vodika
za vzniku hydroxylovych radikalov (1). NavySe v reakénom systéme dochadza
v heterogénnej FR k regeneracii Fe?* iénov z vyprodukovanych Zelezitych katiénov (3).

Fe'+2 H* — Fe? + H2 2)
Fe? + H:02 — Fe¥* + HO* + HO- 1)
Fe® + 2 Fe3* — 3 Fe?* 3)

2.2 Experimentalne udaje

Vsetky experimenty boli realizované v Erlenmeyerovych bankach s objemom
500 ml. MieSanie bolo vykonavané magnetickym mieSadlom Heidolph MR Hei-Standard
a mieSadielka pouzité pri mieSani boli potiahnuté teflonom. Uprava pH bola
monitorovana pH metrom HANNA Instruments 2002-02. Kovové Zelezo bolo pouzivané
vo forme Zeleznej struzliny zavesenej na sklenej ty¢inke ponorenej do vodného roztoku
polutantu. Nanozelezo bolo pouZzivané vo forme hustej kase nanocastic.

Tabul'ka 1: Degraddcia polutantov vyuZitim FR po trojhodinovom experimente

Polutant Povodna koncentracia Udinnost degradacie

polutantu [mol-1-1] [%]

MCA 0,01 26

DCA 0,01 13
TCA 0,01 -

Chloralhydrat 0,01 22

TeCA 0,01 25
LIN 1-.10# 6

Tabul'ka 2: Degraddcia polutantov vyuZitim systému ZVI/H2504/H202po trojhodinovom
experimente

Polutant P6vodna koncentracia Utinnost degradacie

polutantu [mol-1-1] [%]

MCA 0,01 49
DCA 0,01 43
TCA 0,01 12
Chloralhydrat 0,01 52
TeCA 0,01 25

LIN 1-10 6
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Tabul'ka 3: Degradicia polutantov vyuZzitim systému Fe3sO4/H20:2 po trojhodinovom experimente

Polutant P6vodna koncentracia Utinnost degradacie
polutantu [mol-1-1] [%]
MCA 0,01 28
DCA 0,01 19
TCA 0,01 21
Chloralhydrat 0,01 31
TeCA 0,01 31
LIN 1-10* 29
3 Zaver

Jednym z vaznych problémov pri uprave akosti odpadovych vod je odstrariovanie
polutantov, ktoré st zastapené v nizkych koncentraciach ako aj perzistentnych
polutantov. Medzi tieto radime aj chlérované polutatnty, ktoré patria do skupiny
prioritnych polutantov Zivotného prostredia. Zo skupiny chlérovanych polutantov
sme sa v predkladanej praci zamerali na chloralhydrat, kyseliny chléroctové lindan
a 1,1,2,2-tetrachléretan. Ich degradacia bola v laboratériu realizovana klasickou
Fentonovou reakciou a jej modifikaciami s vyuzitim kovového Zeleza a nanomagnetitu
za celom porovnat ucinnost tychto pokrocilych oxidacnych metod.

Zo série uskutocnenych pokusov mozno konstatovat, Ze modifikovana Fentonova
reakcia je pre praktické vyuzitie vhodnejSou alternativou v porovnani s klasickou
Fentonovou reakciou a jej modifikdciou s nanomagnetitom. Kovové Zelezo pritomné
v reakénej zmesi zabezpecuje kontinudlne vytvaranie Fe?* iénov v priebehu reakcie a preto
nie je potrebné tito surovinu dodavat priebezne. Navyse ubytok kovového Zeleza pocas
reakcie bol takmer zanedbatelny. Pocas reakcie v systéme taktiez produkuje vodik, ktory
je znamym redukénym ¢inidlom a teda mohol podporit proces degradacie.
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1 Uvod

Zivotné prostredie, v ktorom Zijeme je neoddelitelnou sudastou kazdého jedného
znds, apreto méme zodpovednost za jeho neznelistovanie aochranu. Casto
sme ale lahostajni jeho voci Cdistote. V skutocnosti nesieme plni zodpovednost
za problémy spojené so znecistovanim environentu, ktoré sa tyka najma vody, ovzdusia,
pddy aorganizmov. Jednym zuvedenych problémov je aj znelistovanie Zivotného
prostredia nanocasticami (NPs). Nanomateridly st Siroko pouzivané v roéznych
odvetviach priemyslu. Literarnou reSerSou bolo zistené akymi réznymi cestami NPs
vstupuji do Zivotného prostredia. Vyznamnym zdrojom st rdzne technoldgie,
ktoré vyuzivaju NPs priamo v technologickom postupe (najcastejsie ako rdzne
katalyzatory) alebo s NPs aplikované ako nosice liekov, kedy dochadza k priamej
expozicii organizmu s NPs. V oblasti nanomediciny st eSte mnohé nedoriesené problémy.
Na strane jednej st1 nanocastice dobrymi prenasa¢mi liekov do organizmu, ale na strane
druhej je potrebné zhodnotit aj toxické tucinky pouzitého nanomaterialu. Napriklad bolo
zistené, ze Casto pouzivané uhlikové nanorurky vykazuju v organizme podobné toxické
tcinky ako azbestové vldkna [1]. Z hladiska toxicity je potrebné aj rozlisit mechanizmus
prislusnej toxicity. V stcasnosti sa predpokladaju dva zasadné toxické mechanizmy.
V prvom mechanizme je to produkcia (az nadprodukcia) reaktivnych kyslikovych
intermedidtov (ROS), ktoré su zdrojom oxidacného stresu v organizme. Druhy
mechanizmus predpoklada ovplyvnenie génov avkonetnom dosledku spustenie
neziaducich procesov. Napriklad sa spusta proces geneticky riadenej smrti bunky —
apoptdza. V pripade neurologického pdsobenia prave tato neurotoxicita vedie k réoznym
neurodegenerativnym prejavom, ako st napriklad Parkinsonova choroba, Alzheimerova
choroba alebo spektrum pricin veducich k autizmu [2, 3].
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V sticasnosti je najvacsim problémom cistenie vod obsahujutcich nizke koncentracie
perzistentnych a toxickych latok. Fotochemické procesy zohravaju vyznamnu tlohu pri
Cisteni vOod a preto je vsucasnosti velkda snaha vyuzit lacné slnecné Ziarenie na
degradaciu polutantov hydrosféry vo velkych slne¢nych fotoreaktorov. V praxi sa okrem
inych fotochemickych pokrocilych oxida¢nych technolégii (AOTs) vyuziva aj
fotokatalyticka degradacia s pouzitim koloidnych polovodicov typu TiO2/UV [4].
V takychto systémoch prebieha vytvorenie paru elekirén — diera (e~ a h*) na povrchu
polovodicovej castice (1), ktoré maju oxidacné alebo redukéné vlastnosti. Takto
generovany elektrén moze redukovat molekulu kyslika na superoxidovy radikalovy
anién (2) alebo peroxid vodika (3) alebo samotny polutant (4) za vzniku radikalu
a prislusného aniénu. Oxidacné reakcie, ktoré prebiehaji vo valencnom pase
s generovanou dierou st napr. oxidacia vody za vzniku HO* a proténu H* (5), oxidacia
hydroxidového aniéonu na HO* (6) a oxidacia samotného organického polutantu (7)
na prislusny radikalovy katién. V reakciach (3,5 a6) vzniknuty HO-® radikal moéze
reagovat spridanym organickym substratom (8) atym zacat proces oxidacnej
degradacie [5].

Polovodi¢ + hv — e+ h* 1)
e +02— O @
e+ H202 — [H202]-* —» HO* + HO- 3)
e +R-X — [R-X]* — R* + X- )
h*+ H20 — [H20]** - HO* + H* 5)
h* + HO- — HO* ©®)
h* + R-H — [R-H]** — R* + H* @)
R-H+HO*— R* + H20 8)

2 Experimentalna cast

Experimentalna cast sa zaoberd praktickym pouzitim nanocastic TiO2, ZnO
a magnetitu (FesOs) ako fotokatalyzatorov pri fotodegrada¢nych procesoch. Magnetit
bol pripraveny zo zmesi Fe?* a Fe3* iénov pomocou amoniaku, ktory sa po dekantacii
pouzil v experimentoch vo forme kasovitého materialu.

Vsetky experimenty boli realizované v Erlenmeyerovych bankach objemu 500 ml.
Vychodiskova koncentracia degradovaného farbiva Ostazine Yellow H-R bola 400 mg-1™.
MieSanie reakénych zmesi bolo vykonavané magnetickym mieSadlom Heidolph MR
Hei-Standard a mieSadielka pouzité pri mieSani boli potiahnuté teflonom. Na meranie
absorbancie roztokov sa pouzival Spekol 11 (jednolticovy spektrometer) s pouzitim
sklenej kyvety hrubky 1cm. Charakteristiky jednotlivych experimentov st zobrazené
v tabulke 1. Pri experimentoch A az G bola vykonana aj analyza CHSKcr [6] a porovnana
s povodnou hodnotou CHSKcr vychodiskového roztoku farbiva.
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Tabulka 1: Charakteristiky jednotlivijch experimentov

Oznacenie .
inidla P ienk: Vysledk
vzorky CHSKcr Cinidla odmienky ysledky
Bez analyzy 0,3 g TiO2 Slnecné ziarenie Tab. 2
Bez analyzy 0,3 g TiO2 Tma Tab. 3
A 0,3 g ZnO Slnecné Ziarenie Tab. 4
B 0,3 g FesOs Slnec¢né Ziarenie Tab. 5
5,0 ml kaSe Fe3Os Slnecné Ziarenie
C Tab. 6
2 ml 20%-nej H2SO4
5,0 ml kaSe Fe3Os Slnecné Ziarenie
D Tab.7
0,4 ml 30%-ného H202
5,0 ml kaSe Fe3Os Slnecné Ziarenie
E Tab.7
0,8 ml 30%-ného H202
5,0 ml kaSe Fe3Os Slnecné Ziarenie
F 0,4 ml 30%-ného H202 Tab. 8
2 ml 20%-nej H2SO4
5,0 ml kaSe Fe3Os Slnecné Ziarenie
G 0,8 ml 30%-ného H202 Tab. 8

2 ml 20%-nej H2SOx4

Tabulka 2: Ulinnost degraddcie farbiva (%) s pouzitim TiO: a slnecného Ziarenia v Case

Caslhod] ¢ [mgl] Zvyékové[l;())]ncentrécia de;i::::i%]
1 250,64 62,66 37,34
3 217,03 54,26 45,74
24 17,51 4,38 95,62

Tabulka 3: Ucinnost odstranenia farbiva (%) s pouZitim TiO: za tmy v Case

x - Zvyskova koncentracia Utinnost
hod. 11

Caslhod]  clmg1] [%] odstranenia [%]
1 239,27 59,82 40,18
3 215,85 53,96 46,04
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Tabulka 4: Ucinnost degradicie farbiva (%) s pouzitim ZnO a slne¢ného Ziarenia v Case (A)

. - Zvyskova koncentracia Utinnost
. 1
Casfhod]  cmgT™] [%] degradacie [%]
17,5 0,0 0 100

Tabulka 5: Ucinnost degraddcie farbiva (%) s pouZitim magnetitu FesOua slneéného Ziarenia v Case

(B)

Cas ¢ [mg11] Zvyskova koncentracia Utinnost
[hod.] 8 [%] degradacie [%]
31,5 396,64 99,16 0,84

Tabulka 6: Uéinnost degradicie farbiva (%) s pouZitim magnetitu FesOs, kyseliny sirovej
a slne¢ného Ziarenia v case (C)

Cas c Zvyskova koncentracia Uéinnost
[hod.] [mgl17] [%] degradacie [%]
28 321,35 78,09 21,91

Tabulka 7: Ucinnost degraddcie farbiva (%) s pouZitim magnetitu FesOs, peroxidu vodika
a slne¢ného Ziarenia v ¢ase (D + E)

Prldvane Cas - ZVySkO‘,]a. Utinnost
mnozstvo [hod.] ¢ [mg-17] koncentracia degradacie [%]
H:0:2 [ml] : [%] g °

0,4 27 323,89 80,97 19,03
0,8 27 53,966 13,49 86,51

Tabulka 8: Utinnost degradicie farbiva (%) s pouzitim magnetitu FesOs, peroxidu vodika, kyseliny
sirovej a slnecného Ziarenia v éase (F + G)

Pridané Zvyskova

. Cas - (. Utinnost
mnozstvo [hod.] ¢ [mg-17] koncentracia degradacie [%]
H20: [ml] ‘ [%] 8 ’

0,4 6,5 4,965 1,24 98,76
0,8 6,5 12,324 3,08 96,92
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Jednym z ukazovatelov kvality vod je aj chemicka spotreba kyslika (CHSK).
V nasom pripade bola metdda stanovenia CHSKcr pouzita na urcenie miery degradacie
polutanta (farbiva).

Graf 1: Stanovenie CHSKcr roztoku Standardu Ostazine Yellow H-R (OYHR) a vyslednych
reakcnyjch roztokov.

1000 + P
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3 Zaver

Zaverom mozeme konstatovat, Ze nanocastice predstavuju polutanty Zivotného
prostredia, ktoré vykazuji rozmanité toxické ucinky. Ztohto dovodu su v praci
analyzované prirodné i antropogénne zdroje nanocastic a je diskutovana ich toxicita.

Zhladiska praktického vyuzitia je potrebné zdoraznif, Ze vsetky tri testované
materidly a to:

. nano-TiOz,
*  nano-ZnO
*  nano magnetit FesOu

vykazovali velmi dobré degradacné tucinky pri degradacii azofarbiva Ostazine
Yellow H-R. Zo ziskanych hodnoét CHSKcr vyplyva, ze farbivo Ostazine Yellow H-R
je v CHSK tazko oxidovatelné, o com sveddi aj hodnota vychodiskovej CHSK = 166 mg-1,
kedZze teoreticka spotreba kyslika pre roztok s koncentraciou 400 mgl1' predstavuje
hodnotu TSK = 695 mg-1'l. Ako z grafu ¢. 1, prakticky vo vSetkych experimentoch doslo
k narastu hodnoty CHSKc:, ¢o znamena, Ze dané farbivo je degradované v pouzitych
experimentalnych stustavach na mensie, v prostredi CHSKcr lahSie oxidovatelné
fragmenty, pripadne si degradacné medziprodukty ciastotne mineralizované na oxid
uhlicity a vodu.
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1 Uvod

V prirode sa vyskytuje mnozstvo zlicenin vo forme siranov. Ako soli kyseliny
sirovej sa najcastejSie nachadzaji vo vodach mineralneho p6évodu. Tu maji Siroké
zastiipenie najcastejsie vo forme sodnych a draselnych soli. So siranmi sa mozno ale ¢asto
stretnut aj v mliekarenstve, celkovo v potravinarskom priemysle, v kovospracujicom
priemysle a hlavne pri galvanickom pokovovani

Stanovenie siranov v rdznych vzorkach prirodného prostredia v stopovych
koncentraciach robilo velké starosti analytikom celé roky. Pozndme niektoré techniky na
stanovenie ako vyuzitie idnovo selektivnych elektrod? 2, turbidimetrie3, elektroforézy,
metdd zaloZenych na vyuziti ionexov. Tieto techniky viac menej maji svoje zakladné
nevyhody a to: nizka citlivost, vysoky limit detekcie a poziadavky na mnozstvo
chemikalii. Mnohé z tychto nevyhod sa rieSia vyuzitim ionexovej chromatografie, ktora je
vsak finan¢né naroc¢nd. Preto sme sa v tejto praci rozhodli vyuzit vymennu reakciu medzi
siranovymi aniéonmi a tuhym chrémanom barnatym naplnenym v prietokovej kolonke.
Takto by sme mali vyrobit produkt detekovatelny bezne dostupnym AAS pristrojom,
ktorého koncentracia v roztoku by mala byt ekvivalentna koncentracii siranov v povodnej
vzorke.

2 Experimentalni cast

Vsetko pouzité laboratérne sklo bolo cistené deionizovanou vodou. Pri vykonavani
experimentov sme pouzivali atémovy absorpény spektrometer UNICAM SOLAAR 939
firmy PYE UNICAM s plamefiovym atomizitorom. Dalej sme pouzili vybojku s dutou
katédou pre chrém. Plamen bol tvoreny zmesou acetylén - vzduch. Okrem absorpcného
spektrometra sme pouzili aj atomovy emisny spekirometer s budenim v mikrovinne
indukovanej dusikovej plazme s oznacenim MP - AES 4100 od firmy Agilent
Technologies. Pri meraniach bol tlak v zhmlovaci nastaveny na hodnotu 240 kPa a bola
nastaven4 snimacia vlnova dizka 425,433 nm. Pripravili sme si prietokova kolénu, ktora
bola zostavena z tela 5 ml striekacky a koncoviek s vlepenymi hadickami. Vnutro bolo
tvorené zmesou chromanu barnatého a aluminy. Tato zmes bola vo vnutri zaistena dvoma
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prietokovymi fritami. Celd schéma prietokovej kolény je na Obrazku 1. Koléna bola
pripojena na nasavaciu hadicku zhmlovaca a podtlak vyvolany zhmlovacom nasaval
roztoky Standardov a vzoriek konstantnym prietokom cez kolénu. V nej dochadzalo ku
vymennej reakcii a z koléony do zhmlovaca a dalej do hordka odchadzal roztok obsahujtci
rozpusteny chréman. Stanovované sirany sme takto zamenili za ekvivalentné mnozstvo
chréomanov ktoré sa daju stanovit metédou plamerniovej AAS podla nasledujicej reakcie

v Obrazku 1.

Spektralny

+BaCrOm=pBasSO;, k= +CrO
pristroj

O\

Polopriepustny material

q)

Asof(‘aqﬁ' {
[ ——

Obrdzok 1: Schéma pracovnej kolény spolu s reakciou

2.1 Validacia stanovenia chromu metédou FAAS

Linearitu kalibracnej krivky sme testovali v rozmedzi koncentracii 0,1-50 mg dm?
chrému. Ako vyplyva z grafu na Obrazku 2, kalibracnad zavislost absorbancie od
koncentracie chrému v roztoku je dostatocne linearna v rozsahu 0,14-20 mg dm?.

0,6

051 y =0,024x+ 0,006
R>=0,997

0,4

0,3

Absorbancia

0,2
01
0 5 10 15 20
Koncentracia chromu [mg/L]
Obrizok 2: Zivislost absorbancie od koncentricie chrému
Pre urcenie hodn6t LOD a LOQ sme zmerali kalibra¢nt1 zavislost pre koncentraény

rozsah chrému 0-1 mg/L srovnomernym rozmiestnenim meranych bodov. Vysledna

zavislost mala linedrny tvar y = 0,0378x + 0,0019 s R2=0,9831.
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Tabul'ka 1: Zistené metrologické parametre pre stanovenie chromu

Metrologicky parameter

Zistena hodnota [mg/L]

LOD 0,04
LoOQ 0,14

Po tychto meraniach sme sa zamerali na urcenie opakovatelnosti stanovenia

chrému. Toto sme vykonali opakovanym meranim absorbancie toho istého roztoku

anaslednym prepocitanim nameranych hodnot

pomocou kalibracnej zavislosti.

Opakovatelnost merani pre n = 15 bola RSD = 2,3 %. Zaznam nameranych hodn6ét je
uvedeny na Obrazku 3. Pri meraniach bol pouzity roztok s koncentraciou chrému 1 mg/L.
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Obrdzok 3: Opakovatelnost stanovenia chromu (koncentrdcia Cr Img/L).

2.2 Validacia stanovenia siranov metodou FAAS

Urcéili sme linedrny rozsah kalibracnej krivky stanovenia siranov meranim

absorbancii roztokov s koncentraciami v rozsahu 0-50 mg/L. Ako vidiet na Obrazku 4,

kalibracna zavislost je linearna v rozsahu 0,55-20 mg/L.
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Obrazok 4: Zavislost absorbancie od koncentrdcie siranov
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Pre zistenie hodndét LOD aLOQ sme zmerali kalibracnt zavislost pre roztoky
s koncentraciou siranov v rozsahu 0-1mg/L. Koncentracie roztokov sa menili
konstantnym krokom 0,1 mg/L. Vysledna kalibracna zavislost ma tvar y = 0,0088x + 0,0121
R2=0,9861 a stanovené hodnoty LOD a LOQ st uvedené v Tabulke 2.

Tabulka 2: Zistené metrologické parametre pre stanovenie siranov

Metrologicky parameter Zistena hodnota [mg/L]
LOD 0,17
LOQ 0,55

Po tychto meraniach nasledovalo urcenie opakovatelnosti stanovenia koncentracie
siranov, na ¢o sme pouzili roztok s koncentraciou siranov 10 mg/L. Vysledok merani je

uvedeny na Obrazku 5. Opakovatelnost stanovenia siranov bola RSD = 3,9 %.
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Obrizok 5: Zivislost' zistenej koncentrdcie od poctu merani pre roztok s obsahom 10 mg/L siranov.

2.3 Validacia stanovenia chromu metédou MP - AES

Na urcenie koncentracie siranov sme pouzili aj metédu MP — AES. Chceli sme
porovnat tieto dve met6dy pre stanovenie siranov. Pred pripojenim kolény na nasavaciu
hadicku pristroja sme sa zamerali na urcenie linearneho rozsahu stanovenia chrému touto
metddou. Testovali sme roztoky chrému v koncentracnom rozsahu 0-100 mg/L. Ako
vyplyva z Obrazku 6, kalibracna zavislost stanovenia chrému metédou MP-AES pri
nastavenych podmienkach bola linedrna po koncentraciu 50 mg/L. Kalibra¢na zavislost je
uvedena ako funkcia nameraného signalu (pomer intenzit ziarivého toku vzorky

a porovnavacieho roztoku) od koncentracie chromu v roztoku.
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Obrazok 6: Zavislost' signdlu od koncentricie chrému

2.4 Validacia stanovenia siranov metodou MP - AES

Pre stanovenie siranov metddou MP-AES sme urcili linedrny rozsah kalibracnej
zavislosti. Po pripojenim kolény na nasavaciu hadicku pristroja sme postupne analyzovali
kalibrac¢né roztoky siranov vo vode ato v rozsahu koncentracii siranov 0-50 mg/L. Na
Obrazku 7 je zavislost nameranych intenzit od narastajiicej koncentracie siranov

v roztokoch.
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o
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Koncentracia siranov [mg/L]

Obrizok 7: Zivislost signdlu od koncentrdcie siranov
Ako vidno z Obrazka 7, kalibracnd zavislost bola v tomto pripade linearna len

v rozsahu 5-30 mg/L. ZhorSenie dolnej hranice linedrneho rozsahu oproti plamenovej
AAS by sa dalo prisudit menej vyraznému zniZeniu tlaku na vystupe z kolény pristrojom
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MP-AES oproti atémovému absorpénému spektrometru. Kym pri AAS pristroji je
nasavanie zabezpecené podtlakom zo zhmlovaca, nasavacia hadicka ma vnutorny
priemer 0,5 mm a prietok roztoku je 6 mL/min, pri MP-AES spektrometri je nasavanie
roztokov zabezpecené peristaltickym cerpadlom hadickou s vntitornym priemerom 1 mm
a prietok roztokov bol 3 mL/min. Zvysenie prietoku v tomto pripade bolo neziaduce, lebo
spdsobovalo zhorSenie validacnych parametrov samotného stanovenia chrému (uzsi

linearny rozsah, horsia opakovatelnost).

4 Zavery

Na stanovenie siranov je mozné pouzit rozne metddy, vacsSina z nich vak potrebuje
zlozité chemické ¢inidla, alebo financ¢ne narocné pristrojové vybavenie. Nami navrhnuta
metdda je hlavne rychla, technicky jednoducha a finan¢ne nenaroc¢nd. Spotreba chemikalii
je viazana iba na pripravu Standardnych roztokov akoldnky s chrémanom barnatym.
Tato kolénka ma vsSak velmi velku Zzivotnost, ¢o je dalSou vyhodou tohto postupu.
Naslednymi meraniami a oboznamovanim sa s metédou sme zistili hodnoty linearnych
rozsahov, LOD, LOQ a opakovatelnosti pre stanovenie siranov metédou FAAS. Okrem
toho sme urdili aj linearny rozsah nepriameho stanovenia siranov ked ako koncovy
detekény systém slazil atémovy emisny spektrometer smikrovinne indukovanou
dusikovou plazmou. Medza stanovenia popisanych nepriamych stanoveni je na trovni
0,55 mg/L pre FAAS (respektive 5 mg/L pre MP-AES). Nie st to najnizsie hodnoty, avsak
kedZe sirany nepatria medzi stopové analyty vo vodach, nami popisany a odskuSany
postup by mohol byt pouziteIny pri stanoveni siranov v povrchovych a mineralnych

vodach, pripadne vo vodach z priemyselnych technolégii.
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1 Introduction

Great discussion about alternative sources of chemicals and materials is opened
today. Fossil fuels resources run low, therefore society is looking for substitute for oil in
industry and production. Significant potential in this department has biomass, it is
complex source with many modification possibilities and as renewable source it is optimal
source of chemicals and energy. In comparison with fossil fuels biomass processing
doesn’t increase greenhouse gasses, it is also relatively cheap and easily accessible. Weight
of dry biomass on the Earth is approximately (1.85-2.4) x 10'2 tons. Biomass is from 75 %
composed of saccharides and 20 % is made of biopolymer lignin'.

This thesis is focused on lignin, as significant component of biomass. Lignin today
fulfils mostly energetic function in cellulose-producing industry. However, lignin has
great potential to be source of numerous chemicals including aromatic compounds or
carbon materials such as carbon fiber.

2 Experimental

2.1 Extraction Processes

Lignin can be extracted from lignocellulose biomass in numerous ways. Type of
extraction influences lignin’s structure, purity and other properties such as
polydispersity?. Different types of lignin, their properties and some of the applications can
be seen in the following table.
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Table 1: Different types od lignin, their properties and possible applications?

M Sulphur/
w
Type of lignin Polydisperzity Ash Application
(g/mol)
(%/%)
production of phenolic
L. 1000-3000 resins, animal nutrition,
Soda lignin 2.5-3.5 0/0.7-2.3 .
(to 15000) dispersants, polymer
synthesis
fertilizer and pesticide
carrier, carbon fibers,
addition to thermoplastic
L. 1500-5000 1.0- polymers, binders, resins,
Kraft lignin 2.1-35 . .
(to 25000) 3.0/0.5-3 | activated carbon. Chemical -
vanillin, hydroxylated
aromatics, quinine,
aldehydes and fatty acids
0- reparation of polymeric
Hydrolysed 5000~ prep . . pov
L 4.0-11.0 1.0/1.0- materials, dispersants,
lignin 10000 .
3.0 deflocculation agents
Additives for paints,
Organosolv . .
lieni 500-10800 1-4.7 0.0/1.7 varnishes, paints and create
ignin
& new substances
colloidal suspensions,
stabilizers, dispersants,
1000- 3.5— binders, detergents,
Lignosulfonates 50000 4.2-7.0 8.0/4.0- adhesives and components
(to 150000) 8.0 of feed, particle board,
surfactants, adhesives and
additives for cements
Ionic liquid .
L ~2000 /0.6-2.0 chemicals
lignin
5500—
MWL 1.8-25 0/1.5 Chemicals
20000
Steam explosion 107000~ 5.2-11.4 chemicals such as phenols or
lignin 19300 o biodiesel
pyrolysis
Lignin pyrolyses 620-1320 1.8-2.7 products,chemicals,
liquid fuels
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2.2 Lignin Modification

After extraction lignin can be used in different ways, as a macromolecule without
modifications or it can be further modified. Lignin as molecule can be fragmentized or
only functional groups can be subject of further modification3.

Fragmentation/Depolymerization

Lignin can be fragmentized into low molar mass compounds. There are many ways
to break down lignin’s macromolecule. Most significant fragmentation processes are
together with products and their market prices displayed in Table 1.

Modification of functional groups

Hydroxyl, methoxyl, carbonyl and carboxyl groups are lignin functional groups. All
of these can be modified to improve number of lignin’s application possibilities?.

Table 2: Fragmentation processes, their products and price range

Fragmentation Price Note
Product
methods [USD/MT]
Acetic acid 350-750 *1,%2
Phenol 1000-2000 *2,*3
Pyrolysis
Methanol 350-500 *3, *4
n-Propanol 1800-2300 *1
Vanillin 15-40 USD/kg *1
DMF 800-1000 *1
Oxidation DMSO 1-5USD/kg *1
Syringic acid 10-100 USD/kg *1
4-Hydroxybenzaldehyde 9500-11100 *1
Vanillic acid 15-80 USD/kg *1
Microbial
Ferulic acid 10-100 USD/kg *1
conversion
p-Coumaric acid 10-100 USD/kg *1

*1 www.alibaba.com, *2 www.sunsirs.com, *3 www.apic2014.com, *4 www.methanex.com

2.3 Lignin Market Value

Lignin as part of renewable source has stable position on market. Prices of lignin
differ depending on purity and extraction process. Therefore, they start as low as
50-280 USD/MT for low purity lignin, followed by Kraft lignin (260-00 USD/MT) and
lignosulphonates (180-500 USD/MT). Soda lignin has price range from 200 USD/MT to 300
USD/MT. Lignin produced with organosolv process is priced from 280 to 520 USD/MT.
Prices of lignins are closed with high purity lignin and price as high as 750 USD/MT"4.
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2.4 Aromatic Compounds from Lignin

Aromatic compounds can be extracted from lignin using fragmentation processes.
This lignin’s ability has great potential in the future, due to the ability of production of
chemicals such as benzene or phenol. Nowadays, these chemicals are produced from
crude oil.

Benzene, Toluene, Xylene (BTX) — have great field of application. BTX makes 60 %
of all aromatic compounds on market and 24 % of global petrochemical market. BTX
fraction is usually used in material industry or some derivates are produced>.

usD/MT

$3500
Cyclohexane Toulene diisocyanate
$3000
Caprolactam
Cyclohexanone ’

$2500 Styrene Isophthalic acid

Cumene Benzoic acid

$1500 Terephthalic acid
oo Benzehe Adipic acid
Organosolv Lignin

Low Purity Lignin Toulene

$500 Sulfate Liginin Xylene
© Lignosulphonate Soda Lignin High Purity Lignin
Benzene Products Price ® Benzene Price Toulene Price
Toulene Products Price ® Xylene Price Xylene Products Price

Lignins

Figure 1: Comparison of price different products and lignins. Individual bubbles represent
minimum and maximum price of compounds’.

Phenol — mostly used in plastics production. Price range of phenol on market is
approximately 1000-2000 USD/MT>. Production of phenol from lignin is welcome,
because today phenol price depends on oil prices, but if produced from biomass, prices
would stabilize. Phenol and derivates prices in comparison with lignin prices are shown
in chart below.

USD/MT
$3000
p-nitrophenol
$2500 Cyclohexanone Bisphenol a
$250
Phenol p-aminophenol
$2000
$1500
$1000
Sulfate Lignin soda Lignin
Lignosulphonate High Purity Lignin
$500 Low Purity Lignin
Organosolv Lignin
$0
Phenol Products Price Phenol Price Lignins

Figure 2: Price of phenol and its derivatives in comparison with lignin prices. Individual bubbles
represent minimum and maximum price of compounds?.
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Vanillin - well known lignin oxidation product. It has been produced for almost 80
years, although only 20% of vanillin on market is product of lignin conversion. Most of it
is produced from oil. Highest price, of course, has natural vanillin extracted from vanilla,
about 600 000 USD/MT. Synthetized lignin has a little lower price, from 15-40 USD/kg.

2.5 Lignin as Macromolecule

Lignin does not have characteristics to be material itself.

Polymer blends — Lignin can be added to synthetic or bio-based polymers as
polypropylene, polystyrene, polyethylene or natural rubber, to improve their properties.
It is for example used as UV degradation stabilizer or thermo-oxidation stabilizers.

Adsorbents — As a consequence of lignin’s ability to adsorb heavy metal ions, there
had been a fair amount of studies about lignin’s application in wastewater purification. To
this day we are aware that lignin can adsorb heavy metals such as chromium, cadmium,
lead, zinc, nickel, mercury and cobalts.

Hydrogels — These polymer-based networks are known to absorb thousands their
weight of moisture. Thanks to numerous hydroxyl groups lignin could be efficient
starting compound for their production. They have various applications in biological,
biomedical or environmental field”s.

Phenol-formaldehyde resins — PF resins have been commercially used since the
beginning of 20t century. Since then they have been used in various departments of
industry, including construction, electronics or airspace. Market value of PF resins is
depending on purity or application field and starts at 1100 and goes to 2300 USD/MT!.

2.6 Carbon Materials

From 50-60% is lignin made of carbon, thanks to this it can be precursor in carbon
materials production.

Activated carbons - great adsorbents. Both organic and inorganic substances can be
adsorbed and also in gaseous and liquid phase. They are characterized by surface area
and size of pores; these properties also influence the price of activated carbons. Price
range is from 500 up to 2500 USD/MT". Approximately 1500 USD/MT is price of activated
carbon used for water purification. Prices may go very high with final products as carbon
filters.

Carbon fiber — Lignin can replace polyacrilonitrile (PAN) as precursor for carbon
fiber production'. Prognosis say that by 2020 call for carbon fibers will reach 140 000 tons.
Carbon fiber is extremely strong material with low density, what makes it very valuable in
industry®. Still this material is too expensive, it is priced at 18-26 USD/kg'.

2.7 Summary

Data obtained about different lignin prices and products prices are summarized in
chart below. Bubbles in brown color represent prices of lignin produced with different
extraction processes. Other bubbles represent important products and their derivates.
From this comparison is noticeable which products would be efficient to focus on. For
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example, PF resins can be produced from Soda lignin, where price of soda lignin is
approximately 250 USD/MT and price of PF resins start from 1100 USD/MT®. High
difference in price ranges indicates higher potential of production of these compounds or
materials from lignin. Also carbon materials or phenol have high potential to be
profitable. On the other hand, there is high probability that methanol produced from
lignin would not make marketable product.

Phenol-formaldehyde resins

52500 Benzene Derivates ‘

o n-Propanol oulene Derivates
ao | )

Phenol
vates,
nzene Toulene \
Activated Carbor
@ Methanol vated carbon
Polyurethanes

® Pyrolysis Products ® Oxidation Products ®BTX

1500

High Purity Lignin
1000 cellc

.\Soda Lignin

Sulfate Lignin

ngnosulphonate ® Lignins
Low Purity Lignin

©BTX Derivates ® Phenol Derivates ® Macromolecules ® Carbon Materials

Figure 3:Price of lignins and potential products and their derivatives I. Individual bubbles
represent minimum and maximum price of compounds?.

Products with prices available only in USD/kg are displayed in chart below. These
substances have probability to develop high profits. Differences in prices are very wide,
and materials as carbon fibers belong to this category.

USD/KG

$100

$80

$60 4-Hydroxybenyaldehyde

$40

$20 DMSO ‘ t

Vanillin Carbon Fibers
$0 L4t
1 I ngh Purity Lignin
Sgagaal?ig;?nv Henn ® Oxidation Products ® Carbon Materials

Low Purity Lignin - Sulfate Lignin
Lignosulphonate ® Microbial Conversion Products @ Lignins

Figure 4: Price of lignins and potential products and their derivatives II. Individual bubbles
represent minimum and maximum price of compounds?.
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4 Conclusion

Lignin is an appealing compound because of its aptness to be a biodegradable
renewable source of energy and chemicals. Scientists, working in green chemistry
department, are researching new methods and techniques for lignin’s utility in material
chemistry and overall industry. It is already known, that in some ways lignin can
substitute fossil fuels, therefore it can be essential commodity in the future industry. Some
applications already exist today, but these are not as efficient as future lignin applications
could be.
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1 Uvod

Jednim znejvétsich neptatel ¢lovéka je Cas. Cas nelze zastavit, natoz vzit zpét.
Jiz od ¢asti Rudolfa II. se alchymisté snazili nalézt tzv. ,elixir mladi”, ktery by zastavil
projevy starnuti. Doted se vSak nepodafilo touzeny elixir nalézt ¢i vytvofit. Do komer¢né
prodavanych vyrobkii se proto zacaly piidavat aktivni latky, které slibuji oddaleni
vnéjsich pfiznaka starnuti. Pro pfenos téchto aktivnich latek do mist urcenych se
vyuzivaji naptiklad liposomy.

Liposomy jsou mikroskopické castice dopravujici aktivni latky hluboko do podkozi,
kde jsou poté rozpustény v tucich!'. Slozenim se velice podobaji lipidové dvojvrstvé
bunécéné membrany. Liposomy mohou byt pfidavany do gelii nebo emulzi. S rostouci
velikosti vSak klesa hloubka priiniku do pokozky, jelikoz jsou vice nachyIné k rozpadu?.

Hlavni aktivni slozkou piisobici na lidskou pokozku byl v této praci zvolen kofein.
Kofein je latka zamezujici hromadéni tukt v bunikach. Nejvyssi hodnota absorpce kofeinu
pres lidskou pokozku se pohybuje kolem 224 =143 I_lg*c[n_z -h~L. Kofein m4 také silné
antioxidacni tucinky, které pomahaji chranit buniky proti UV zafeni a které navic
zpomaluji starnuti pokozky. Také podporuje rist vlasii a inhibuje aktivitu enzymu 5-a-
reduktasa, ktery zodpovida za jejich vypadavanis.

Tato prace je zaméfena na pfipravu liposomovych dcastic, stanoveni jejich
enkapsulaéni Gcinnosti, stability a velikosti. Hlavni aktivni latkou, ktera byla
enkapsulovana, byl kofein. Jako dalsi aktivni latky byly pouzity celkové polyfenoly
a vitamin C. Aktivni latky byly ziskany z hrubych pfirodnich extraktti.

2 Metoda

Prace byla zaméfena na stanoveni enkapsulacni ucinnosti kofeinu, celkovych
polyfenolii a vitaminu C ziskanych z pfirodnich extraktii, tedy bylo zkoumano mnozstvi
enkapsulované aktivni latky do pfipravenych liposomt. Dale byla stanovena stabilita
avelikost liposomovych ¢astic pfipravenych pomoci vybranych tfi metod, a to
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ultrazvukovou metodou, ultrazvukovou metodou s pfidavkem chloroformu a metodou
odpafovani na tenké vrstvé (TLE). Také byla pozorovana dlouhodoba stabilita
liposomovych ¢astic v modelovych podminkach.

Jako zdroj kofeinu a celkovych polyfenolt byly vybrany piirodni extrakty c¢erného,
zeleného a bilého sypaného caje, dale kavy a guarany. Vitamin C byl ziskan piimou
dezintegraci Cerstvého ovoce, a to citronu, pomerance a kiwi. K stanoveni enkapsulacni
ucinnosti kofeinu byla optimalizovana metoda HPLC s PDA detektorem. Enkapsula¢ni
ucinnost celkovych polyfenolti byla stanovena pomoci UV-VIS spektrofotometrické
metody s Folin-Ciocalteuovym c¢inidlem a enkapsula¢ni ucinnost vitaminu C pomoci
titracni metody s odmérnym roztokem 2,6-dichlorindofenolem.

Na zavér byla zdosazenych vysledki zvolena nejvhodnéjsi aplikacni forma
do kosmetického produktu.

2.1 Enkapsulacni ac¢innost aktivnich slozek

Liposomy byly pfipraveny tfemi metodami. Jako aktivni slozky byl sledovan kofein,
celkové polyfenoly a vitamin C. Enkapsulacni tc¢innost aktivnich latek byla vypoctena
zrozdilu jejich koncentrace pfed a po enkapsulaci. Nejvyssi enkapsulac¢ni ucinnost
kofeinu bylo dosazeno pii pfipravé liposomi metodou vyuzivajici ultrazvuk (Obrazek 1).

Dale byly porovnavany enkapsula¢ni tc¢innosti aktivnich slozek v pfipadé pfipravy
liposomti s ko-enkapsulovanymi extrakty kofeinu obohacenymi o ovocnou slozku
s obsahem vitaminu C.
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Obrizek 1: Srovnini enkapsulacni 1i¢innosti kofeinu extraktii z pfirodnich zdrojii kofeinu
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Obrizek 2: Srovndni enkapsulacni ti¢innosti kofeinu ko-enkapsulovanych extraktii z prirodnich
zdrojii a ovocnych sloZek

Pridavek ovocné slozky neovlivnil negativné enkapsulacni ti¢innost kofeinu, naopak
doslo v nékterych piipadech ke zvySeni jeho enkapsulacni tucinnosti. Nejvyssi
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enkapsula¢ni tc¢innost kofeinu byla stanovena u ko-enkapsulovaného roztoku cerného
Caje s pfidavkem roztoku z citronu, a to az 71,79 % (Obrazek 2).

2.3 Velikost a stabilita liposomovych castic

Stabilita pfipravenych castic byla stanovena pomoci zeta potencidlu. VSechny
ziskané hodnoty zeta potencialu se nachazely mimo oblast nestability (-30 mV; 30 mV),
proto lze liposomové castice brat za stabilni. Nejstabilngjsi byly castice s obsahem
zeleného caje (Tabulka 1).

Tabulka 1: Namtené hodnoty zeta potencidlu

Extrakt kofeinu ZP [mV]
Cerny &aj —-49,00
Zeleny €aj -51,77

Bily ¢aj —-47,47
Guarana -37,00
Kava -40,20

Velikost liposomovych ¢astic byla stanovena metodou méfeni za pomoci
dynamického rozptylu svétla. Jako nejmensi castice byly stanoveny liposomy s obsahem
extraktu kavy, kde se jejich primérna velikost pohybovala kolem 118 nm (Obrazek 3).

200
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Cerny &aj Zeleny ¢aj Bily ¢aj Guarana Kava
Obrizek 3: Srovnini velikosti castic jednotlivyjch extraktii vytvorenychultrazvukovou metodou
a stanovenych metodou DLS
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2.4 Dlouhodoba stabilita

Stabilita pfipravenych liposomovych ¢astic a mnozstvi uvolnénych aktivnich slozek
byla sledovana i z dlouhodobého hlediska. Pfipravené castice vykazovaly vybornou
dlouhodobou  stabilitu v modelovych kosmetickych prostiedcich. Prvni uvolnéné
mnozstvi aktivnich slozek bylo zaznamenano az po 3. tydnu uchovavani (Obrazek 4).
U vybranych castic nebylo uvolnéné mnozstvi aktivnich slozek zaznamenano ani
po dvoumési¢nim skladovani. Castice jsou tedy dostateéné stabilni a vhodné pro aplikace
do kosmetickych piipravkii.
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Obrizek 4: Srovnini zmény koncentrace kofeinu ko-enkapsulovanych extraktii skladovanych
po dobu 3 tydnii

2.5 Navrh kosmetického piipravku

Z dosazenych vysledkt byly jako nejvhodnéjsi liposomy pro kosmetickou aplikaci
zvoleny liposomy pfipravené pomoci ultrazvukové metody. Céstice vykazovaly dobrou
stabilitu a pomérné vysokou enkapsulacni tc¢innost kofeinu. Ke zlepSeni ucinkt
kosmetického pripravku byly extrakty obohaceny o ovocnou slozku a vzniklé smeési byly
poté ko-enkapsulovany. Timto krokem doslo ke zlepseni enkapsulacni Gc¢innosti kofeinu,
celkovych  polyfenolt ale ivitaminu C. Také byla pozitivné ovlivnéna
dlouhodoba stabilita.

Ko-enkapsulované liposomy jsou tedy nejvhodnéjsi aplikacni formou z testovanych
moznosti a mohou byt pouzity do pletové kosmetiky, zejména v pletové vodé nebo gelu.
Udinnéjsi formou se jevi gel, jelikoZ jsou vném Castice stabilngjsi a gel navic miiZe
obsahovat vétsi mnozstvi pridanych ¢astic s aktivni slozkou. S delsi dobou ptisobeni
na pokozce by dochdzelo i k vyssimu tcinku.

3 Jednotky a znacky

* pg-mikrogram

* cm - centimeter

* nm -nanometr

* h-hodina

* mV —milivolty

e Ultrazvuk 1 — ultrazvukova metoda

e Ultrazvuk 2 — ultrazvukova metoda s pfidavkem chloroformu

* TLE - Thin Layer Evaporation, metoda odpafovani na tenké vrstveé

* HPLC - High Performance Liquid Chromatography, vysokotcinna kapalinova
chromatografie

* PDA - Photodiode array, fotodiodové pole

e UV —ultrafialova oblast

* VIS - viditelna oblast

* DLS - Dynamic Light Scattering, dynamicky rozptyl svétla
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4 Zavéry

Na zavér lze fici, Ze pfipravené liposomy s obsahem extrakt(i z cerného, zeleného
abilého caje, kavy i guarany jsou vhodné k aplikacim do omlazujici kosmetiky. Navic
diky enkapsulaci testovanych kofeinovych extrakt obohacenych o ovocnou slozku bylo
dosazeno zlepSeni kvality a stability liposomii. Rovnéz pouzitim téchto ko-
enkapsulovanych liposomti lze piipadné dosahnout i zlepSeni vlastnosti samotného
produktu. Uéinkem kofeinu lze docilit pfevazné vyhlazeni pleti. P¥idanim ovocné slozky
lze pak plet rozjasnit a dodat potfebnou pruznost a svézest. Takto ucinny pripravek je
vhodny pro denni aplikaci. Nejvhodnéjsi aplikacni forma obsahujici liposomy byla
na zakladé vysledku této prace navrzena pletova voda nebo gel, pouzivany jako pletova
maska, ktery diky delsi dobé ptisobeni na pokoZce vykazuje i lepsi ti¢inek.
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STANOVENI PLATINOVYCH KOVU VE
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Jednim z nejvyznamnéjSich znecisténi Zivotniho prostfedi platinovymi kovy je jejich
pouziti v automobilovych katalyzatorech. Povrch katalyzatorti je b&hem pouzivani
chemicky, fyzikalné, rychlym stfidanim redoxnich podminek, vysokou  teplotou
a mechanicky opotfebovavan.

Toto opotfebeni ma za nasledek emisi platinovych kovii do slozek Zivotniho
prostiedi. Nejvyssi akumulace téchto kovti je v blizkosti silni¢nich komunikaci, pfevazné
pak ve vétsich méstskych aglomeracich [1].

Chronické vystaveni platinovym emisim muze vést k platinose. Platinosa je
alergicka reakce projevujici se kozni vyrazkou nebo poskozenim dychacich cest [2].

Negativni ui¢inek palladia pocituji osoby citlivé na tento kov. Palladium vyvolava
u téchto osob alergickou reakci jiz pfi nizkych davkach. Alergie na palladium vyvolava
podrazdéni oci a pokozky [3].

Experimentdlni c¢ast se sklada zodbérti vzorkii, rozkladu, prekoncentrovani
anasledné vyhodnoceni. Odbér vzorki probih4 na deviti odbérovych mistech na tizemi
mésta Brna. Za vzorky zivotniho prostfedi byly vybrany pudy, liSejniky a travni vegetace
vyskytujici se v blizkosti rusnych dopravnich tepen a kfizovatek. Metoda pro pouziti
lisejniku byla zvolena ,bag” monitorovaci technika. LiSejnik byl odebrdan na
nekontaminovaném misté a byl umistén na vybrané lokality. K rozloZzeni vzorki byla
vyuzita smés dvou kyselin. Koncentrované kyseliny dusi¢né a koncentrované kyseliny
chlorovodikové v poméru 1:3. Nasledna prekoncentrace byla provedena pomoci metody
extrakce do tuhé faze za pouziti modifikovaného silikagelu C18 [4]. PouZzitd metoda pro
stanoveni koncentrace platinovych kovt ve vzorcich Zivotniho prostfedi byla atomova
absorpéni spektrometrie s elektrotermickou atomizaci.

V soucasné dobé bylo provedeno méfeni na vzorcich pady a travni vegetace. Bude
nasledovat méfeni na vzorcich lisejnik.

Z doposud zjisténych vysledki je patrné, Ze platinové kovy opravdu vstupuji do
slozek Zzivotniho prostfedi. Emise vyfukovych plynu a tudiz i platinovych kovii jsou
deponovéany na povrch vozovky a do nejblizsiho okoli od komunikace. Z tohoto povrchu
iz okolni vegetace a plidy se mohou dostavat pomoci destit do povrchovych a nasledné
podzemnich vod.

Sjistotou se da tedy fici, Ze se zvysujici se automobilovou dopravou postupné
narusta také koncentrace téchto kovti v Zivotnim prostiedi.
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Velky vliv na mnozstvi uvolnénych platinovych kovii ma také styl jizdy vozidel.

Kdy?z je jizda plynuld uvoltiuje se méné téchto kovti, naopak kdyZz se automobily rozjizdi
nebo popojizdi stylem start-stop dochazi k vyrazné vétsimu uvolniovani téchto kovi
z katalyzatoru. Béhem plynulé jizdy nedochazi k tzv. studenych startti, které jsou prave
charakteristické pro styl jizdy v centru mésta.
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1 Uvod

Kazdy Zivy organismus je tvofen fadou vice ¢i méné slozitych makromolekul, které
1ze souhrnné oznacit pojmem biopolymery. Jsou to latky, které tvori podstatu fungovani
kazdého organismu. Z chemického hlediska se jedna o proteiny, nukleové kyseliny
a polysacharidy. VSechny tyto latky nachazi své uplatnéni napfi¢ véemi primyslovymi
odvétvimi, prfedevsim pak ve farmaceutickych aplikacich. Mezi tuto velice pocetnou
skupinu latek patfi i chitosan. Jednd se o linedrni polysacharid, ktery se nejcastéji
vyskytuje jako heteropolymer chitin + chitosan. Z hlediska chemického sloZeni je chitosan
Castecné deacetylovany N-acetyl glukosamin. Pravé stupném deacetylace a délkou fetézce
(resp. molekulovou hmotnosti) se mohou jednotlivé vzorky chitosanu lisit.! Jak jiz bylo
zminéno, v pfirodé se vyskytuje pfevazné jako heteropolymer s chitinem. Z toho také
pramenti jedna z moznosti primyslové vyroby. Konkrétné se jedna o N-deacetylaci, kdy se
na chitin ptisobi koncentrovanou zasadou pfi teplotach dosahujicich 100 °C. Chitin je po
celuléze druhym nejrozsitenéjsim polysacharidem na zemském povrchu a tak jsou zasoby
pro vyrobu chitosanu prakticky nevycerpatelné. To pro¢ je chitosan tak intenzivné
zkouman v nejriiznéjsich aplikacich je prevazné zptisobeno jeho biodegradabilitou a také
biokompatibilitou. Tyto vlastnosti tvofi zakladni pfedpoklad pro jeho vyuziti ve
farmaceutickém pramyslu. To, Ze zajem o chitosan v poslednich letech nebyvale roste,
doklada i nartist poc¢tu clankt a patentt tykajicich se pravé chitosanu.?

V porovnani s chitinem vykazuje chitosan daleko vétsi reaktivitu. Tento fakt je
zplisoben pfitomnosti aminoskupiny, ktera mutze byt ve vodnych roztocich
protonizovana a diky tomu je chitosan oznacovan za kationaktivni biopolymer. Pravé
pritomnost aminoskupiny tvori zakladni stavebni kdmen celého experimentu. Reaktivita
chitosanu, resp. jeho aminoskupiny, mitize byt zjisténa pomoci jednoduché laboratorni
metody, jejimz studiem jsem se zabyval v pfedlozené praci. Jedna se o diftizni metodu
neustalenou diftzi v kyvetach. Cilem experimentu bylo zjistit, jaky je vliv pH prostfedi na
rychlost diftize v hydrogelové matrici. Zjistovanym parametrem byl efektivni diftzni
koeficient. Zaklad pouzité metody tvofilo spektrofotometrické monitorovani koncentrace
modelovych sond (dvou vybranych anionaktivnich azobarviv) v kyveté v zavislosti na
Case a rtiznych vzdalenostech od rozhrani hydrogel-roztok. Diftzni experiment byl
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realizovan v hydrogelovych matricich na bazi termoreverzibilni agarézy. Vyhodou
vyuziti agar6zy je dobra optickd prichodnost a soucasné nizka afinita k interakcim jak
s kationaktivnim chitosanem, tak anionaktivnimi barvivy. Pfi pouziti téchto gelovych
systémi v kombinaci s diftznimi experimenty, ziskdvame velice ucinny, avSak
jednoduchy nastroj pro stanoveni diftiiznich koeficientt latek.

2 Experimentalni cast

2.1 Materialy

Agaréza (< 10 hm. % vlhkosti), chitosan (75-85 % deacetylovany), 95% kyselina
octova, hydroxid sodny i barviva Chicago blue (C.I. 24410) a Saturnova cerven
(C.I.35780) byly zakoupeny od firmy Sigma-Aldrich® Na piipravu pufrti o rtiznych
hodnotach pH byly navic jesté pouzity: dihydrat monohydrogenfosforecnanu disodného,
dihydrogenfosfore¢nan sodny a kyselina citronova. Jak jiz bylo zminéno v tivodu, cilem
predlozené prace bylo zjistit, jaky vliv ma zména pH prostfedi na priibéh diftize. Proto
bylo zapotfebi z vyse popsanych chemikalil pfipravit pufracni roztoky a to o pH=3,
pH =7 a pH=11. Navazky obou barviv byly rozpustény pravé v téchto roztocich, pficemz
vysledna koncentrace Chicago blue byla 0,01 g dm= a koncentrace Saturnové cervené
0,04 g dm=. Roztok chitosanu byl pfipraven rozpusténim navazky 0,010 g chitosanu
v 50 ml 5 hm. % roztoku kyseliny octové a michan po dobu 24 hodin. Nasledné bylo pH
roztoku upraveno pomoci 2M hydroxidu sodného na pH =7 a objem byl doplnén vodou
na 100 ml. Pfed samotnym méfenim bylo nutné stanovit kalibra¢ni kiivky obou barviv
v 1 hm. % agarézovém gelu a to zvlast pro kazdé pH. Hydrogely pro difiizni experiment
byly piipraveny z roztoku obsahujiciho stejné mnozstvi agardzy (1 hm. %), ale rozdilna
mnozstvi chitosanu (0 hm. % a 0,001 hm. %). Takto vzniklé roztoky byly zahfivany za
stalého michani na teplotu 85 °C a ihned nality do plastovych UV-VIS kyvet (PMMA,
vnitini rozméry [mm]: 10 x 10 x 45). Po 45 minutach doslo uvnité kyvety k vytvofeni
hydrogelu. Nasledné byly kyvety umistény do diftiznich nadob obsahujicich 250 ml
roztoku kazdého z barviv o prislusném pH. Barviva v difiznich nadobach byla michana
pfi 250 ot. Min'. Diftizni nadoby byly po celou dobu experimentu (72 hodin) umistény pii
konstantni teploté 25 °C.

2.2 Metody

Pfi samotném méfeni byly kyvety v casovychintervalech 24, 48 a 72 hodin
proméfovany pomoci UV-VIS spektrofotometru Varian Cary-50. Diky vertikalné
polohovatelnému nastavci bylo mozné kyvety proméfovat v riznych polohdch od 3 mm
od rozhrani hydrogel-vzduch az po 38 mm od tohoto rozhrani. Od polohy 3 mm az po
8 mm od rozhrani byla absorpéni spektra méfena vzdy po 1 mm. Od hodnoty 8 mm od
rozhrani jiz byla spektra méfena po 2 mm az do mista, kde jiz nebyl patrny vyskyt
barviva. Byla tedy ziskdna komplexni spektra (Obrazek 1) v celé délce kyvety, kde byl
méfitelny vyskyt barviva. Timto zplisobem byly proméfeny obé barviva pfi vSech
studovanych hodnotach pH.
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Obrazek 1: Spektra odpovidajici riiznyym vzddlenostem od rozhrani hydrogel-roztok po 72 h
pro barvivo Saturnovd cervert

= H=7 pH=11 = H=7 pH=11

Obrazek 2 Kyvety s hydrogelem po 72 hodindch v roztoku Saturnové cervené o rozdilném pH
(zleva 6 kyvet s koncentraci chitosanu 0,001 hm. %, zbyvajicich 6 kyvet bez p¥idavku chitosanu)

2.3 Vysledky a diskuse

Dilezitym zkoumanym parametrem, ze kterého mél byt usuzovan vliv pH prostiedi
na proces diftize, je efektivni diftizni koeficient, jakoZto parametr rychlosti diftize barviva
do struktury hydrogelu. Vyhodnocenim experimentalnich dat bylo zjisténo, ze pH
prostfedi vyraznym zpusobem ovliviiuje rychlost diftzniho procesu a to u kyvet
s pfidavkem chitosanu.

Jak jiz bylo zminéno v tivodu, chitosan je diky pfitomnosti aminoskupiny oznacovan
za kationaktivni biopolymer. Pravé aminoskupina chitosanu miize byt protonizovana
a diky tomu interaguje se zaporné nabitou sulfonovou skupinou pouzitych barviv. Diky
této interakci elektrostatického charakteru pak dochazi ke zpomalovani priiniku barviva
do struktury hydrogelu. Aminoskupina chitosanu je charakterizovana hodnotou
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pKa=6,5. Srostouci hodnotou pH tak bude dochazet k tomu, Ze stale mensi pocet
aminoskupin bude protonizovdn a tudiz schopen interakce se sulfonovou skupinou
azobarviv. Naopak pii kyselejsim pH bude dochazet k vySe zminénym elektrostatickym
interakeim a vzniku —NH3 SO3 respektive =NH*S03 .3 Z nasledujiciho grafu (Obrazek 3) je
ztejmé, ze s klesajici hodnotou pH dochazi k vyraznému snizeni efektivniho diftiizniho
koeficientu u kyvet s pfidavkem chitosanu. Naopak u kyvet bez pridavku chitosanu,
tvofené pouze 1 hm. % agardézovym gelem, prakticky nedochdzi k ovlivnéni diftize
vlivem pH prostiedi. Dale je patrny rozdil v reaktivité obou barviv. Je zfejmé, ze
Saturnova cerven o pouzité koncentraci interaguje s chitosanem daleko vyraznéji, nez je
tomu v pifipadé barviva Chicago blue.

2,0E-10 g ® ®
1,5E-10 o— 1 ®
A
% 1,0E-10
Qﬂ)

—e— Saturn Cerven 0 % chit
5,0E-11 Saturn c¢erveni 0,001 % chit
—=e— Chicago blue 0 % chit

Chicago blue 0,001 % chit
0,0E+00

3 7 11
pH prostiedi

Obrazek 3 Zdvislost efektivniho difiizniho koeficientu na pH prostiedi

Naméfena data ze spektrofotometru byla dale zpracovdna pomoci programu
Origin 8. Zde se diky prednastavené funkci absorp¢ni spektra vyhladila, aby nedochazelo
k chybam vzniklych $patnou interpretaci dat.

Znaméfenych dat lze ziskat diftzni koeficienty prolozenim experimentalné
stanoveného koncentra¢niho profilu teoretickym modelem funkce, ktera vznikla
matematickou upravou Fickovych zakonti. Matematicky model:

X

C =, - erffc — 1)
0
1I4Defft

kde c je koncentrace difundujici latky, co je koncentrace latky na fazovém rozhrani, x je
diftzni draha, D difuzni koeficient latky, t je ¢as diftize a ERFC je chybova funkce.*
Prolozeni se provadi metodou nejmensich ctvercti. ProloZeni experimentalné stanovenych
koncentraci teoretickou funkci dle rovnice vyse bylo realizovano pomoci piidavné funkce
Resitel v MS Excel.

Vtabulce nize (Tabulka 1) jsou znazornény vypoctené hodnoty diftiznich
koeficientti i koncentraci barviva na rozhrani hydrogel-roztok pro barvivo Saturnova
cerven a Chicago blue.
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Tabulka 1 Difiizni koeficienty pro hydrogely s pfidavkem chitosanu i bez piddavku chitosanu
v zdvislosti na hodnoté pH prostiedi

pH prostiedi Deit+101° [m2 s71]
Chicago blue 0,01 g dm?3

0,000 hm. % chitosanu 0,001 hm. % chitosanu

1,51+0,05 0,63 + 0,08

1,55+ 0,07 1,00 + 0,05

11 1,54 £ 0,10 1,40+0,13

Saturnova cervei 0,04 g dm3

0,000 hm. % chitosanu 0,001 hm. % chitosanu

2,05+0,12 0,38 +£0,03

2,04 £0,10 0,74 £ 0,04

11 2,00+£0,12 2,01+0,20

4 Zavér

Reaktivita biopolymerti miize byt stanovena mnoha experimentalnimi postupy.
AvSak vyse zminénd difuzni metoda ,neustalend diftiize v kyvetach” se jevi jako
jednoduchy nastroj pro rychlé stanoveni reaktivity fady latek. Tento experiment navazuje
na predchozi prace, kdy byl zkouman napft. vliv teploty na rychlost diftize v agar6zovém
gelu s pfidavkem chitosanu. Doplriuje a poskytuje uceleny pohled na reaktivitu chitosanu
a umoznuje tak lépe porozumét jeho chovani v riiznych systémech. Obecné lze fici, ze
studium reaktivity nejen biopolymert, ale i fady dalsich latek za pouziti hydrogelovych
matric pfindsi nespocet vyhod. Témi muize byt napf. pfiprava matric o definované
velikosti a tloustce, vhodné zvolend velikost porti matrice atd. Pfi pouziti téchto gelovych
systémi v kombinaci s diftznimi experimenty, ziskavame velice ucinny, avSak
jednoduchy nastroj pro stanoveni diftiznich koeficientti latek. I pfesto, Ze je prozatim ve
fazi optimalizace, jevi se neustalena diftize v kyvetach jako vhodny nastroj pro studium
reaktivity fady dalSich biopolymert. Diky jednoduchym diftznim technikam je mozné
stanovit zakladni diftzni charakteristiky s odchylkou mensi nez 10%. Diky vysokému
obsahu vody v hydrogelu, je schopen simulovat podminky pro pouziti napf. ve farmacii.
Vysledky ziskané pomoci diftiiznich procesti provadénych v kyvetach budou v budoucnu
porovnany i s jinymi jednoduchymi difiznimi technikami (sorpcéni experimenty, diftzni
cely).
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1 Introduction

Collagen is biocompatible and biodegradable protein used in tissue regeneration as
cell and drug carriers (scaffolds) in the form of porous sponges, thin sheets or gels. Thanks
to the chemical composition and fibrillary structure, collagen has the right properties for
use in tissue regeneration, such as pore structure, permeability and hydrophilicity.
Therefore, collagen scaffolds are ideal substrate for cells, such as osteoblasts and
fibroblasts. Once inserted, those types of cells can grow as much as they do in normal
tissue!.

To tailor suitable scaffolds for certain application, its morphology is a very
important characteristics of the 3D porous structure, as the porosity and pore
interconnectivity is particularly important for the distribution of nutrients throughout the
cell-seeded scaffold. To have the optimum pore size is the key aspect for successful cell
seeding as well as cell migration from patient into the scaffold, cell proliferation and
subsequent differentiation.

Morphology of porous scaffolds are commonly observed using scanning electron
microscopy (SEM), which unfortunately provides only a two-dimensional image of the
sample surface and does not determine the morphology of the entire volume. Suitable
method for visualization of three-dimensional scaffold structure appears to be X-ray
computed tomography (CT), which provides a non-destructive way to obtain information
about pore size and interconnectivity3-5.

To improve contrast of soft biomaterials images, numerous staining agents can be
used. Frequently reported pigments are compounds with heavy atoms (like Osmium).
Recently, nanoparticles are being used to enhance the contrast, mainly in the core-shell
form to suppress the aggregation and unequal distribution.
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Alternative technique of surface treatment by “in-situ” formed nanoparticles was
proposed by our research group. The “in-situ” nanoparticle formation has so far been
described for gold and platinum, however not for the purpose of increasing the
biopolymer scaffold contrast in CT. The staining by ceramic hydroxyapatite microparticles
(HAp), silver ions (Ag+) and silver nanoparticles (AgNPs) is discussed in this paper.

2 Experimental

2.1 Scaffold preparation

Pure collagen, hydroxyapatite and Ag modified scaffold were prepared according to
a previously described method?. Bovine collagen type I (VUP Medical, Brno, CZ) was
used for the preparation of freeze-dried 3D porous scaffold. For the HAp modified
scaffold, hydroxyapatite in the form of microparticle powder was added in 1:1 weight
ratio. Subsequently, these scaffolds were stabilized by treating with N-(3-dimethylamino
propyl)-N'-ethylcarbodiimide hydrochloride (EDC) and N-hydroxysuccinimide (NHS),
(Sigma Aldrich, Germany). Before their use, scaffolds were purified from unreacted
chemicals by washing with NazHPO4-12H20 followed by distilled water and lyophilized.

Silver modified collagen scaffolds were treated either with silver ions (Ag+) or with
“in-situ” prepared silver nanoparticles (AgNPs). Ag+ in sample was formed using silver
nitrate and AgNPs were formed by “in-situ” reduction from Ag+ solution within the
scaffold preparation. Using our technique, the nanoparticles are form directly along with
the scaffold structure, homogeneously covering all collagen fibers in the entire sample
volume.

2.2 X-ray computer tomography

The data to be processed have been acquired using a GE Phoenix v|tome|1.240
computed tomography system equipped with a 180 kV/15W high-power nanofocus X-ray
tube and at panel GE DXR detector array (2048 x 2048 pixel, 200 x 200 pm pixel size).

The pCT scan was carried out in an air-conditioned X-ray cabinet at 21 °C. The
samples were fixed in a plastic tube with an inner diameter of 1.8 mm. The voxel
resolution obtained depended on the sample length. For one scan, images at 2200 angles
per 360° were measured. The tomographic reconstruction was done with adatos|x 2.0 3D
computed tomography software.

2.3 Scanning electron microscopy

The morphology of the lyophilized cross-linked collagen scaffolds was observed
with scanning electron microscopy MIRA 3 (Tescan Brno, CZ) (SEM). 2D SEM images of
the cut porous material accurately capture the scanned surface and serve as a reference
pictures for comparison with a 3D model. The samples were sputter-coated with a 20 nm
layer of gold prior to analysis. The optimum magnification to observe several pores and

eliminate strong fisheye effect was kept in a range of 80-1500x.
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4 Conclusions

Main focus of this work was to qualitatively and realistically visualize 3D structure
using different staining agents and compare the results with 2D imaging.

The reference material without any treatment, pure collagen (Coll), was compared to
three other samples treated with staining agents. One set of samples was treated with
inorganic particles like hydroxyapatite microparticles (Coll/HAp) and silver nanoparticles
(Coll/Ag-NPs) in order to see the influence of composition. Moreover, two specimens
(Coll/Ag+and Coll/Ag-NPs) stained with silver were included in order to see the effect of
either ions or nanoparticles on a structure with the same composition and concentration of
staining agent. The samples were scanned separately. Next, they were scanned together in
order to apply the same acquisition conditions for each sample. SEM images of all four
types of prepared porous collagen scaffolds are shown in Figure 1.

__without A with Ag
- co™l -z b. Coll/Agt &
J&.“:/ A\ «/ ' Ar’

4

without (nang)particle's'

I/HAp i \

-7

with (nano)particles

V. X
Figure 1: The images from scanning electron microscopy (SEM): a.Pure collagen scaffold (Coll);
b.Collagen with silver ions (Coll/Ag+); c. collagen with hydroxyapatite particles (Coll/ Hap);
d. Collagen and silver nanoparticles (Coll/Ag-NPs).

Electron miscroscopy also showed to be valuable in terms of visualizing the particle
size and distribution (Figure 2), qualities that are impossible to obtain from CT
measurement.
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Figure 2: Sample Coll/Ag-NPs in magnification showing homogeneous continual surface
of Ag-NPS on the collagenous sheets a. and fibrils b.; insets of both pictures a’., b’.in equal scale.

Figure 3 shows 3D structure of pure as well as all three different stained collagen
scaffolds. The best visualization was seen when silver nanoparticles were used. The
collagen sample with Ag nanoparticles shows parts of the scaffold which are invisible in
pure collagen. Also the addition of hydroxyapatite (HAp) particles can increase the
visibility of the scaffold on CT.

without Ag with Ag

a. clear

no particles

with nanopart.

Figure 3: Scaffold structures with different staining agents obtaines by X-Ray computed

tomography (CT): a.Pure collagen scaffold (Coll); b.Collagen with silver ions (Coll/Ag+);

c. collagen with hydroxyapatite particles (Coll/ Hap); d. Collagen and silver nanoparticles
(Coll/Ag-NPs).
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However, the pattern of the sample with HAp is different from the pattern of pure
collagen due to the HAp micro-size (approx. 30 um) being bigger than puCT resolution
(about 1 um). It means that obtaining a good visualization does not depend on
composition, but the particle size. Important seems to be comparison of similar sized
nanoparticles from different inorganics (e.g. HAp and Ag), which is being currently
prepared and studied.

Influence of silver nanoparticles is clearly visible when applying higher threshold
intensity on the grey shade scale, showed on Figure 4.
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Figure 4: Influence of threshold value on the visualization of uCT scans. Visualization by
isosurface method with different threshold.

For realistic image, right value of threshold needs to be applied. Too low threshold
value leads to higher noise and too high value leads to an incomplete image.

We propose staining of collagen scaffold with in-situ formed Ag nanoparticles
having homogeneous distribution on the scaffold’s surface. The criterion of successful
visualization was a similarity of a 3D model with pictures from microscopy, generally
accepted knowledge and our previous findings about scaffold structure. The resulting 3D
model was realistic, when we investigated the structure of the scaffold. It could be used
for qualitative comparison of the morphology of porous scaffold. The final structure is

ready for further investigation of collagen scaffolds like pore size distribution, and stem
cells growth within the scaffold.
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1 Uvod

PiedloZzena bakalarska prace se zabyva problematikou neustale se zvySujici
koncentrace lé¢iv v zivotnim prostfedi. Mezi casto pouzivané medikamenty patii
[B-blokatory, které jsou jednou z hlavnich indikacnich skupin 1ékt v kardiologii. U této
skupiny 1éc¢iv byly prokazany toxické ucinky na vodni organismy'2. Jsou to klinicky
dtilezité 1é¢iva cCasto pouzivana klécbé kardiovaskularnich onemocnéni, jakymi jsou
hypertenze, arytmie a anginy pectoris. Je dtilezité sledovat koncentrace (3-blokatorti ve
vodnim ekosystému, vzhledem k akutni a chronické toxicité téchto latek, kterou vykazuji
vici vodnim organismiim. Tato prace je zaméfena na vypracovani a optimalizaci
analytické metody pro stanoveni téchto latek. Sledovymi matricemi byly povrchova voda
z dvou fek, Vahu (SR) a Dyje (CR) a odpadni voda z velkokapacitni &istirny odpadnich
vod (COV) Brno-Modfice. Analyty byly ze vzorkti vod izolovény pomoci extrakce tuhou
fazi (SPE). Pro findlni analyzu byl pouzit ultra-vysokotcinny kapalinovy chromatograf
(UHPLC) s UV-VIS detekci pomoci diodového pole (DAD). Za cilové analyty byly
vybrany atenolol, metoprolol a propranolol.

2 Experimentalni cast

2.1 Sympatolytika

Sympatolytika, antagonisté (blokatory) adrenergnich receptorti jsou farmaka, ktera
blokuji adrenergni reakce. Jsou to latky ptsobici bud piimo na adrenergni receptory,
pripadné nepfimo ovlivnénim déjii v nervovém zakonceni. Svym ucinkem proto inhibuji
adrenergni reakce vyvolané sympatomimetiky nebo stimulaci sympatiku.
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Sympaticky nervovy systém ovliviiuje funkce vSech vnitfnich organt a systémui
organismu aza stresovych stavli napomaha udrzet homeostazi organismu. To, co je
v akutnim stavu tcelnou reakci, napf. vazokonstrikce a redistribuce krve kudrzeni
perfaize zivotné diilezitych organd, ptlisobi pii del$im trvani na organismus nepiiznivé.
Dlouhodoba aktivace sympatiku se negativné odrazi zejména tam, kde je tcinek
sympatiku nevyznamnéjsi, tj. v kardiovaskularnim systému, a je spojovana s rozvojem
fady zavaznych onemocnéni (napf. hypertenze). Proto maji sympatolytika, a to pfedevsim
{-blokatory, velmi vyznamné postaveni v terapii prakticky vSech kardiovaskularnich
onemocnéni4,

2.2 Osud 1é¢iv v Zivotnim prostiedi

Osud 1é¢iv v zivotnim prostfedi zavisi zejména na jejich fyzikalné-chemickych
a biochemickych vlastnostech, na jejich mnoZzstvi prokazovaném ve slozkach zivotniho
prostfedi a na mnoha dalsich faktorech. Proto je velice obtizné urcit pfesny osud
jednotlivych 1é¢iv v ekosystému. Je vSak mozné popsat jejich pfedpokladané cesty vstupu
do ekosystému a jejich dalsi osud (Obrazek ¢. 1).

Nejvétsi cast 1éciv, jak jiz bylo zminéno, se do odpadnich vod dostava moci nebo
stolici. Znacna cast farmak se do kanalizace dostava i piimo, a to pfi neodborné likvidaci
nespotfebovanych 1éki. Kanalizaénim systémem pokracuji do COV, kde je jejich &4st
pritomnymi mikroorganismy degradovana, a to az na oxid uhli¢ity a vodu. Lipofilni
léciva, ktera degradaci poléhaji jen stézi, zlstavaji v aktivovaném kalu. Zbytek
hydrofobnich farmak je metabolizovan na hydrofilnéjsi formy, které vsak stale zlistavaji
odolné vii¢i mikrobialni degradaci. Tyto latky jsou v tomto pfipadé rozpusténé ve vodé
a pokracuji s vycisténou odpadni vodou az do vod povrchovych. Zde miize dochdzet
k t¢inkim na vodni organismy.

_, podzemni
voda
»| piimé odstranéni kal rozprostieny udinky na
16¢iv do odpadu na pole mikroogranismy
huménni g
umanni A K=]
1é&iva cov &
y Y
N \ylozl‘(:eni léféi}' vycistina N ucmky na
mo¢i a stolici odpadni voda vodni organismy
a splach
z poli
EXPOZICE OSUD EFEKTY

Obr. 1: Osud lé¢iv v Zivotnim prostiedi®
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2.3 Analyza léciv

Standardni operacni postup (SOP), ktery je vSeobecné pouzivany pii stanoveni lé¢iv
ve vodnim ekosystému, obsahuje tii hlavni kroky. Jsou to:

e vzorkovani — predstavuje vlastni odbér vzorku, jeho pfipadné zakonzervovani
P ] ] prip

a transport do laboratofe

* extrakce — zakoncentrovani a pfecisténi extraktu ziskaného ze vzorku

* analyza - provadénd vhodnou instrumentalni metodou.

2.4 Kapalinova chromatografie, HPLC a UHPLC

Kapalinova chromatografie se vyuziva zejména tam, kde nelze pouzit plynovou
chromatografii, tj. pfi separaci netékavych, malo tékavych a termicky labilnich sloucenin,
coz je asi 80 % sloucenin. Pouzivaji se rtizné systémy kapalné mobilni faze a pevné,
piipadné kapalné stacionarni faze. Hlavnim faktorem ovliviiujicim separaci jednotlivych
slozek smési je povaha mobilni faze. Proto je velice dulezité, a to na zdkladé vlastnosti
separovanych latek, vybrat vhodné rozpoustédlo, pfipadné smés rozpoustédel.

Vysokoucinnd kapalinova chromatografie neboli HPLC (High Performance Liquid
Chromatography) je separa¢ni metoda, kde jsou pouzivany kolony s vhodnou staciondrni
fazi, vétsinou o velmi malych casticich (3 az 10 um), a to k dosaZeni rychlé separace
s vysokym rozliSenim zén separovanych slozek [6, 7, 8].

V ultra-vysokoucinné kapalinové chromatografii (UHPLC, Ultra-High Performance
Chromatography) je velikost pouzivanych castic obvykle vrozmezi od 1,5do 2 um.
Kolony maji délku 50 az 150 mm a vnitini pramér vétsinou 2,1 mm. Uspofadani UHPLC
pristroje je velice podobné usporadani HPLC.

3 Experimentalni cast

3.1 Extrakce

Ihned po transportu do laboratoie byly vzorky piefiltrovany pomoci vysokotlakého
filtracniho zafizeni pfes kruhové papirové filtry. Nasledné byla provedena extrakce tuhou
fazi (SPE) nakolonkdch Oasis HLB (60 mg) od firmy Waters, USA ana kolonkach
Supel™-Select HLB (60 mg) od firmy Sigma-Aldrich, Némecko. V pfipadé povrchové
vody a odpadni vody odebrané na odtoku z COV byl pro extrakci pouZit objem 200 ml,
v ptipadé odpadni vody z p¥itoku na COV pouze objem 100 ml.

Optimalizovany postup SPE je uveden v Tabulcel. Kolonky byly nejprve
aktivovany pomoci 5ml methanolu a5ml milli-Q vody. Nasledné byl na kolonku
kvantitativné nanesen vzorek.

Tabulka 1: PouZity postup SPE

Aktivace sorbentu 5 ml methanolu, 5 ml milli-Q vody

Naneseni vzorku 200 ml povrchové/odpadni vody

Promyti 5 ml milli-Q vody, 1 ml 5 % methanolu v milli-Q vodé
Suseni proudem vzduchu 20-25 min

Eluce 2 x 4 ml methanolu
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3.2 Finalni analyza

Finadlni analyza p-blokatori v pfecisténém extraktu byla provedena metodou
kapalinové chromatografie. Pro méfeni byl pouzit vysokoucinny kapalinovy
chromatograf (UHPLC) Agilent 1290 Infinity. K samotné separaci dochazelo na koloné
ZORBAX Eclipse Plus C18 s velikosti ¢astic 1,8 um od firmy Agilent, USA. Analyty byly
detekovany pomoci diodového pole. V Tabulce2 jsou uvedeny optimalni
chromatografické podminky.

Tabulka 2: Optimdlni chromatografické podminky

Nastiik 2l

Teplota kolony 35°C

Mobilni faze 10 mM KH,PO, pufr (pH = 3) + acetonitril
Prutok mobilni faze 0,3 ml/min

Typ eluce gradientova

VInova délka 224 nm

3.3 Realné vzorky povrchovych vod

Zjisténé hodnoty koncentraci 3-blokatorti ve vzorcich povrchovych vod jsou
zobrazeny v Tabulce 3.

Tabulka 3: Namétené koncentrace B-blokdtorit v redlnyjch vzorcich povrchové vody

den misto odbéru koncentrace [ug/l]
atenolol metoprolol propranolol
214 Vah 1 <LOD 11,30 3,275
: Vah 2 <LOD 7,172 3,661
27 4 Dyje 1 <LOD 4,913 0,9303
) Dyje 2 <LOD 5,418 0,7084

Stanovené koncentrace B-blokatorti prokézané v odpadnich vodéch z COV Brno-
Modfice na pfitoku i na odtoku jsou uvedeny v Tabulce 4.

Tabulka 4: Namértené koncentrace B-blokdtorit v redlnyjch vzorcich odpadni vody

den pritok / odtok koncentrace [ug/l]
atenolol metoprolol propranolol
21 4 pitok <LOQ 45,71 3,197
' odtok <LOD 20,86 2,654
2 4 pitok 2,201 32,92 4,292
T odtok <LOQ 19,25 3,460
23 4 pitok 1,976 29,76 0,6348
T odtok <LOD 17,62 1,062
24 4 pitok <LOQ 43,61 2,078
T odtok <LOD 23,64 2,051
25 4 pitok 1,493 44,32 0,6180
T odtok <LOD 23,34 <LOQ
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4 Zaver

V této bakalaiské praci byla feSena aktualni problematika stanoveni Iéciv
v povrchové a odpadni vodé. Toto téma je v poslednich letech velmi aktualni, pfedevsim
vzhledem ke stoupajici spotiebé 1é¢iv a jejich nasledujicimu negativnimu dopadu na
ekosystém. Z 1éc¢iv byla vybrana skupinu {-blokatorti, konkrétné atenolol, metoprolol
a propranolol.

Vzorky povrchové vody byly odebrany ze dvou vodnich tokt, a to Vahu na
Slovensku a Dyje v Ceské republice. Vzorky odpadni vody byly odebirdny v COV
Brno-Modfice, a to jak na piitoku, tak i na odtoku.

Pro stanoveni B-blokatorii byla jako vhodna analyticka metoda vybrana metoda
ultra-vysokouc¢inné kapalinové chromatografie (UHPLC) s UV-VIS detekci pomoci
diodového pole (DAD), coz je rychla, cenové dostupna a dostatecné citliva analyticka
metoda, vhodna pro jejich stanoveni. Pro izolaci a zakoncentrovani sledovanych analytt
z vodni matrice byla pouzita extrakce tuhou fazi (SPE).

Ve vzorcich odpadnich vod byly prokazany koncentrace propranololu a atenololu
v jednotkach ug/l, zatimco metoprolol byly kvantifikovan az v desitkach g/l
V povrchovych vodach byly zjisténé koncentrace sledovanych analytt nizsi, metoprolol
a propranolol byly kvantifikovany na trovni jednotek pg/l, pficemz koncentrace atenololu
byla v pfipadé povrchovych vod vzdy pod limitem detekce.

V zévéru bylo provedeno posouzeni téinnosti COV Brno-Modfice pfi odstratiovani
{-blokatorti z odpadnich vod. Bylo zjisténo, Ze pouze mala cast téchto latek je Cistirnou
odpadnich vod odstranéna (asi 46 % metoprololu a 12,5 % propranololu), a proto mohou
tato léciva pronikat do povrchovych vod. Pravdépodobné to rovnéz mohlo pfispét

k vyssim koncentracim metoprololu a propranololu v povrchovych vodach.
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Prace pojednava o organickych tenkovrstvych tranzistorech a jejich mozném vyuziti
jako chemickych a biologickych senzorti. Dale jsou rozvedeny elektrické vlastnosti a cho-
vani OECT zafizeni v pfechodném déji,. ustaleném stavu a potencialni uplatnéni OECT pro
bunécné monitorovani. V experimentalni casti je sledovan vliv teploty, starnuti, geometrie
zafizeni a kultivacnich médii na funkci zafizeni.
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1. Uvod

Kosti st pevné a pruzné organy s mikrostruktarou, ktora je hierarchicky
usporiadand tak, aby poskytovala maximalnu pevnost pri minimalnej hmotnostil. Je to
konstrukény kompozit zloZeny z kolagénovych vlékien s nanokrystalmi hydroxyapatitu,
vyzrazanymi pozdiz kolagénovych fibril2.

Hydroxyapatit HAP so vzorcom Caio(PO4)s(OH)2, patri do skupiny apatitickych
keramik. Je hlavnou anorganickou zlozkou prirodzenej kosti (tvori takmer 65 % hmot.
kosti) a ma rovnaké chemické zlozenie ako kostny minerdl. Vykazuje dobru
biokompatibilitu, osteokonduktivitu a prilnavost ku kosti. Avsak cisty HAP je krehky, ma
nizku mechanickti pevnost, praska, je fazko tvarovatelny, a preto nemoze odolavat
bénému zataZeniu kosti a kibov. To je dovod, prefo sa v poslednych rokoch zacali
vyvijat kompozitné materialy biokeramika/polymér? 3 5.

Cielom prace bolo pripravit Ccastice Cistého hydroxyapatitu snanometrovou
velkostou a zistit vplyv vybranych surfaktantov na morfolégiu avelkost Ccastic
vzniknutého produktu. Komercéne dostupny polyvinylalkohol (Mowiol®) v rdznych
stupnioch hydrolyzy, tributylester kyseliny 2-acetyl-1,2,3-propantrikarboxylovej (ACTB),
termoplasticky skrob (TPS) sa pouzili ako povrchovo aktivne latky pri hydrotermalnej
syntéze hydroxyapatitu v etanolovom roztoku. Pripravené castice hydroxyapatitu sa
analyzovali pomocou rastrovacieho elektronového mikroskopu (REM), Fourierovou
transformacnou infracervenou spektroskopiou (FTIR) a Rontgenovou fazovou analyzou
(RTG).

V literattre je priprava hydroxyapatitovych krystalov hydrotermalnou metédou
velmi dobre popisand, avsak je len velmi malo tidajov o priprave samotnych nanovlakien
HAP. Zhao a kol. pripravili ty¢inky alebo vlakna HAP hydrolyzou biomolektl sodnej soli
riboflavinu-5fosforecného za hydrotermdlnych podmienok snaslednou reakciou
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s vipenatymi iénmi®. Zhang akol. tie? pripravili nanovlikna HAP o diZke aZ 2 pm
hydrotermalnou syntézou, avsak tento bol pripraveny ciastocnou substituciou Ca iénov
siénmi Si a Sr. Pomer i6nov Si/Sr urcoval vysledni morfolégiu castic'®. Singh a kol.
pripravili HAP krystaly o velkosti ~45 nm a hriibky ~12 nm hydrotermalnou syntézou pri
190°C v pritomnosti citratu trisodného a hexadecyltrimetylammonium bromidu!!.
Podobnym sp6sobom pripravili HAP tycinky o velkosti ~120 nm a hrtbke 25-50 nm aj
Manafi a Rahimipour?2.

2. Experimentalna cast

2.1 Priprava cistého HAP

Hydroxyapatit bol pripraveny hydrotermalnou metdédou v etanolovom roztoku
podla rovnice (1). Mnozstva vychodiskovych latok boli vypocitané tak, aby latkové
mnozstvo Ca(NOs)2 zodpovedalo hodnote 0,02 mol. Pripravili sme si etanolovy roztok
Ca(NOs)y, ktory sa postupne pridaval do vodného roztoku (NHs)2HPOs. pH tohto roztoku
sme najprv upravili na hodnotu 10 pridanim vodného roztoku NHs. Vzniknutu
zrazeninu sme zriedili etanolom, aby celkové mnoZzstvo suspenzie dosiahlo 50 ml
Nasledne sme tito suspenziu spracovali hydrotermalne. Vysledny produkt sme 3x
premyli destilovanou vodou a na zaver etanolom, vysusili na jemny prasok a analyzovali
prislusnymi metédami. Hydrotermalne spracovanie prebiehalo v etanolovom roztoku pri
teplote 200 °C po dobu 1 hodiny. V tabulke 1 je zobrazeny prehlad uskuto¢nenych syntéz,
analyz aj s prislusnym oznacenim vzoriek.

5 Ca(NOs)2+ 3 (NH4)2HPO4 + 4 NHsOH—Cas(PO4)3(OH) + 10 NHsNOs + 3 H20 1)

2.2 Priprava HAP so surfaktantom

Priprava hydroxyapatitu prebiehala rovnako ako bolo uvedené pre Cdisty
hydroxyapatit, avSak surfaktanty boli pridavané v mnozstve 0,02 g, ¢o zodpovedalo 1 %
teoretického mnozstva hydroxyapatitu. Medzi pridavané surfaktanty patrili Mowiol 8-88,
Mowiol 10-98, Mowiol 18-88, Mowiol 20-98, termoplasticky sSkrob (TPS) a
acetyltributylcitrat (ACTB). Pocas syntézy sme kontrolovali pH pripravovanych roztokov
a aj vznikajlicej zrazeniny. Pripravent bielu zrazeninu hydroxyapatitu sme uzavreli
v autoklave a zahrievali pri teplote 200 °C po dobu 1 hodiny.
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Tabulka 1: Prehl'ad uskutocnenych syntéz a prislusnych analyz

RTG REM HT FTIR
HAP-EO v v 200°C/1h v
HAP-E1 (Mowiol .
8-88) 200°C/1h
HAP-E2 (Mowiol v v . v
10-98) 200°C/1h
HAP-E3 (Mowiol .
20-98) 200°C/1h
HAP-E4 (Mowiol N
18-88) 200°C/1h
HAP-E5 (TPS) v v 200°C/1h v
HAP-E6 (ACTB) v v 200°C/1h v

2.3 Hydrotermalna syntéza

Hydrotermalna syntéza je proces, ktory vyuziva reakcie v jednoduchej alebo
heterogénnej faze vo vodnom roztoku pri zvysenej teplote t > 25 °C a tlaku p > 100 kPa.
Samotna syntéza prebieha v uzavretej nadobe - autoklave®. Analyzovand vzorka sa
umiestni do nddoby z PTFE (polytetrafludretylén), uzavrie sa a utesni v ocelovom plasti,
a zahrieva sa na pozadovanu teplotu. V uzavretom autoklave vznika zahriatim obsahu

autogénny tlak. V nasej praci sme pouzivali autoklav znazorneny na obrazku 1.

3. Vysledky prace

TR

Obrizok 1: Laboratérny autokldv

3.1 Zaznamy RTG fazovej analyzy

Na obrazkoch ¢. 2-5 st uvedené zaznamy z RTG fazovej analyzy hydroxyapatitov

HAP-EO, HAP-E2, HAP-E5, HAP-E6.
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Z jednotlivych zaznamov vyplyva, Ze z hladiska fazového zloZenia sa vo vSetkych
pripadoch pripravil takmer C¢isty hydroxyapatit s minimalnym mnozstvom necistot.
Vynimkou je len RTG zaznam HAP-E5 kde sa okrem castic hydroxyapatitu
zosyntetizovali aj castice monetitu CaHPOs, Tieto Castice monetitu st reprezentované
neoznacenymi pikmi v rozsahu uhlov 2theta 30-32 a 34-36 na obrazku 4.
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Obrizok 4: RTG zdznam hydroxyapatitu HAP-E5
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Obrizok 5: RTG zdznam hydroxyapatitu HAP-E6

3.2 Zaznamy FTIR analyzy
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Na obrazku 6 mame znazornené FTIR spektra niektorych vybranych praskov
hydroxyapatitu. V spektre HAP mdzeme pozorovat absorpéné pasy ~ 563 cm!, ~604 cm-,
~1032 ecm?, ~1055 cm™ a ~2357 cm! prislichajice PO+* skupine. Absorp¢né pasy nad
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~3000 cm! patria OH- skupine'* 5. Po vyhodnoteni zaznamov usudzujeme, Ze pridavok
surfaktantov ani etanolovy roztok nam nijako neovplyvnia zloZenie hydroxyapatitu.
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Obrizok 6: FTIR spektrda HAP

3.3 Zaznamy REM analyzy

REM analyza nam umoznuje porovnat velkost a morfolégiu nanocastic
hydroxyapatitu bez a s pridavkom surfaktantov po hydrotermdlnej syntéze. Vysledky
tejto analyzy st znazornené na obrazku ¢. 7, kde st porovnané vzorky s pridavkom
surfaktantu so vzorkou bez pridavku povrchovo aktivnej latky. Ako je mozné vidiet,
vzorka bez pridavku polyméru (obr. 7a) vykazuje bimodalnu morfolégiu castic. Vo
vzorke sa nachadzaji sticasne ovalne castice o velkosti niekolkych nanometrov, zaroven
s ty¢inkami HAP o velkosti 300 az 600 nm a hrubke 50-80 nm. Na druhej strane, vo
vzorkach spridavkom polyméru sme pozorovali zmenu v tvare ahomogenite
pripravenych HAP krystalov. Vzorka HAP-E2 s vyssim stupniom hydrolyzy (obr. 7b)
obsahuje v prevaznej miere vlakna HAP s velkostou az ~1000 nm a hribkou ~ 20-50 nm.
V pripade vzorky sniz$im stupfiom hydrolyzy (HAP-E4) homogenita pripravenych
krystalov stapa (obr. 7 c). Zaroven vsak samotné krystaly nie st vlakna, ale pripominaju
skér tydinky o velkosti 500-600 nm a hrtibky 20-50 nm, kde pomer diZka/priemer je cca
12. Na obr. 7d sme pozorovali najdlhsie nanotycinky v porovnani s ostatnymi vzorkami.
Krystaly HAP mali di¥ku aZ 1300 nm a hrtbku priblizne 70 nm, na rozdiel od vzorky
HAP-E6 (obr. 7e) kde nam vznikli viditeIne kratSie tycinky. Na obr. 7e si okrem iného
mozeme vSimnut, Ze ¢astice HAP maji podobnti morfolégiu ako vzorka HAP-EO.
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Obrizok 7: Porovnanie morfologie Castic pripravenych hydrotermalnym spracovanim
pri 200 °C/1 h, a) HAP-EO, b) HAP-E2, c) HAP-E4 d) HAP-E5 e¢) HAP-E6
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4, Zaver

Hydrotermalnou syntézou sme za pritomnosti povrchovo aktivnych latok pripravili

nanocastice hydroxyapatitu s vldknitou a tyc¢inkovitou Struktarou. Takto pripravené

nanocastice sa nasledne analyzovali RTG, FTIR a REM analyzou. Tieto analyzy nam

potvrdili pritomnost castic hydroxyapatitu vo vSetkych vzorkach. V pritomnosti

surfaktantov nadobudli nanocastice tvar vldkien s velkostou az do ~1000 nm a hribkou

~20-50 nm. Pridavok surfaktantov zabezpecil zvySenie homogenity castic. Takto

pripravené nanocastice HAP mo6zu byt vhodné pre dalSiu pripravu biokompozitnych

materidlov so zvySenou pevnostou.
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1 Uvod

Striktne vzatd nanomedicina je zatial hudbou budtcnosti, predstavuje priamu
aplikdciu technik molekularnej nanotechnoldgie v medicine. Nanomedicinu je mozné
aplikovat v celej rade odborov, ako napriklad nanodiagnostika, nanofarmakologia,
regenerativna medicina, implantaty, terapeuticki nanoboti!. Nantechnolégiu je mozné
s pomerne velkym tspechom vyuzit aj vo vyskume konvencnych liekov, pomocou
nanocastic sa da dobre sledovat napriklad distribticia liekov v organizme. Pre klinické
aplikdcie nantechnoldgii je vSak omnoho zaujimavejsie priame pouzitie nanotechnoldgii
pri navrhu liekov. Nanostruktiry mézu predstavovat priamo vlastnu liecivi latku alebo
sa mozu podielat na distribucii klasického farmaka v organizme pacienta?.

Lipozémy su fosfolipidové castice, ktoré maju velkost od 20nm do 5 um. Ich
zakladom je fosfolipidova membrana obalujiica priestor s vodou fazou. V lipozémoch
mozu byt transportované hydrofilné aj hydrofébne latky. Lipozémy je mozné pouzit
napriklad k systémovej aplikacii liekov cestou koze alebo sliznice3.

Tato praca je zamerand na pripravu, urcenie velkosti, stability, enkapsulacnej
Gcinnosti  a antimykotického podsobenia mikro- ananocastic sobsahom prirodnych
extraktov a lie¢iv. Pre pripravu prirodnych extraktov boli vybrané nasledujtice bylinky:
tymian obecny, lubovnik bodkovany, majoran zihradny, skorocel kopijovity. DalSie
extrakty boli pripravené zo zazvoru lekarskeho a cesnaku kuchynského. Do castic boli
enkapsulované takisto lie¢iva, ato ibuprofen ako protizapalova a analgeticka zlozka
a klotrimazol ako antifungalna zlozka.
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2 Experimentalna cast

V praktickej casti boli u jednotlivych extraktoch stanovené obsahy polyfenolov,
flavonoidov a antioxida¢na ucinnost. Takisto bola optimalizovand metéda HPLC pre
stanovenie ibuprofenu aklotrimazolu. Dalej boli pripravené lipozémy, algindtové
a chitosanové castice, do ktorych boli enkapsulované bylinné, zdzvorové a cesnakové
extrakty, ibuprofen, klotrimazol aniektoré kombinacie tychto zloziek. Celkovo bolo
pripravenych 32 typov castic. U pripravenych castic bola sledovana ich koloidna stabilita
pomocou zeta potencialu a ich velkost meranim pomocou DLS.

2.1 Vel'kost a stabilita castic

Velkost castic sa pohybovala od 33 do 1718 nm. Lipozémy st v porovnani
s ostatnymi casticami najmensie. NajvdcSie priemerné rozmery dosiahli lipozédmy
s enkapsulovanym cesnakovym extraktom, a to 358 nm. Najmensiu priemernu velkost
z premeranych castic dosiahli lipozémy oznacované ako kombinacia, obsahujtice
enkapsulovany cesnak, klotrimazol, ibuprofen atymian, ato 156,3nm. Co sa tyka
koloidnej stability, vSetky typy pripravenych lipozémov je mozné povazovat za stabilné.
Z polysacharidovych castic boli stabilné len alginatové castice obsahujtice enkapsulovany
cesnakovy extrakt.
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Obrizok 1: Koloidnd stabilita lipozomov- hodnoty zeta pontencidlu si uvddzané v absoliitnej
hodnote, Cervend ¢iara urcuje hranicu zeta potencidlu 30 mV, ktord je povaZovand za hranicu
stability

2.2 Enkapsulac¢na acinnost

Podstatnti cast prace zaujima Studium avzajomné porovnanie enkapsulacnej
ucinnosti extraktov a liec¢iv uzavretych do jednotlivych typov castic. Najvyssiu hodnotu
enkapsulac¢nej t¢innosti dosiahol roztok klotrimazolu do alginatovych castic, a to 99,93 %.
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Obrizok 3: Enkapsulacnd ticinnost lieciv

2.3 Antimikrobialne testy

Po priprave a charakterizacii extraktov a castic boli prevedené antimikrobialne testy
na kvasinkovom kmeni Candida glabrata. Bolo skimané antifungalne pdsobenie extraktov,
Castic, rozrusenych lipozémov, ¢i roztokov klotrimazolu o réznych koncentraciach.

Skumavkovy antimikrobidlny test potvrdil, Ze po naruseni membrany lipozoémov
olejom dojde kuvolneniu enkapsulovanej zlozky, ateda bol tucinok rozrusenych
lipozémov na rozpad kvasiniek vyssi, ako v pripade neporusenych lipozémov. To je
predpokladom k postupnému uvolnovaniu enkapsulovanych zloziek zlipozémov pri
styku s pokozkou, ktora obsahuje povrchové hydrofébne zlozky.

Predovsetkym extrakt cesnaku aroztok klotrimazolu prejavili vysokti schopnost
inhibicie rastu kvasiniek. Pri diskovom antimikrobidlnom teste bola najvacsia inhibi¢na
zéna vytvorena okolo jamky s chitosanovymi casticami obsahujicimi enkapsulovany
klotrimazol a cesnak.
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Obrizok 4: Inhibicia rastu kvasiniek pdsobenim extraktov a roztokov lieciv

Antimikrobialny test prevadzany v mikrotitracnej dosticke pomocou ELISA readeru
potvrdil antimykoticky acinok klotrimazolu a extraktu cesnaku. Najlepsie inhibicné
schopnosti preukazali opat chitosanové castice obsahujtice klotrimazol a cesnak. Najvyssi
ucinok na rozpad kvasinkovych buniek takisto spdsobil roztok klotrimazolu a extrakt
cesnaku.
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Obrizok 5: Inhibicia rastu kvasiniek pdsobenim castic s aktivnym obsahom

4 Zavery

V tejto praci boli vytvorené lipozéomy a polysacharidové castice pre moznu
aplikdciu do kozmetickych ¢i farmaceutickych produktov s antimykotickym ucinkom.
Ako najvhodnejsie castice pre tieto aplikdcie boli stanovené lipozémy, predovsetkym
lipozémy s klotrimazolom a cesnakom sticasne kombinované aj sibuprofenom, ktory
pOsobi protizapalovo a analgeticky. U tychto castic bol pozorovany pozvolny ucinok
v priebehu ich rozpadu pri styku s pokozkou, o mdze predizit ucinok vyrobku. U
alginatovych a chitosanovych castic bola zaznamenana u rovnakych kombinacii tiez
vysoka antimikrobialna aktivita. AvsSak stabilita tychto castic nedosahovala rovnakej
kvality ako tomu bolo u lipozémov. Castice vyrazne agregovali a tym znehodnocovali
kvalitu vyrobku.
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Ako najvhodnejsie aplikacné formy boli vybrané predovsetkym produkty na baze
vody — r6zne gély. Ako najvhodnejsi bol navrhnuty lipozémovy hydrogél pripraveny za
pomoci stabilizatoru Carbomer s pridavkom kombinovanych lipozémov o koncentraciach
20-30 %.
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1 Introduction

Carotenoids are of the most abundant natural colorants. These tetraterpenoids are
unsaturated alifatic and alicyclic hydrocarbons and oxidation products of these. They
absorb light in blue and green region, having yellow to red colour. They are also good
antioxidants!. Thus they are used as colorants and dietary supplements?, but they also
have potential to be used as molecular wires in quantum computers®* and
in biodegradable photovoltaics>67:5.

Red yeasts are microbes capable of carotenoid synthesis as their secondary
metabolites. In red yeasts typically B-carotene, torulene a torularhodin are produced
in response to oxidative stress’ and strong light exposure!. For industrial production
the waste utilization is possible (e.g.spent coffee grounds!!, glycerol'213, lignocellulose
wastes!¥). In biotechnology optimization, the quality of on-line analysis is desirable for
the minimization of time and cost. Flow cytometry is one of such techniques.

In this study of four yeast species was autofluorescence-carotenoids correlation
reviewed. Furthermore, the abilities of flow cytometry for quick and accurate biomass
determination was examined.

Besides flow cytometry the laser scanning confocal microscopy (LSCM) was used
for autofluorescence study and for carotenoids localization inside cells by means
of autofluorescence and fluorescent probes. The insight into cells, which LSCM provides,
is believed to help with understanding of carotenoid production. Thus, it has potential
to make biotechnological production more cost-effective.

2 Experimental

2.1 Yeast cultivation

Yeast strains Rhodotorula glutinis (CCY 20-2-33), Sporobolomyces roseus (CCY 19-6-4),
Sporobolomyces shibatanus (CYY 19-20-3) and Cystofilobasidium capitatum (CYY 10-1-2) was
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cultivated on glucose medium (glu 40 g/l, (NH4)2504 5 g/, KH2PO4 5 g/l, MgSOas 0.34 g/l
and yeast autolysate 7 g/l) with two-step inoculum used (of the same composition
as the production medium). Cultivation was conducted at conditions of constant shaking
(90 RPM) and illumination at 25°C. For 140 hours was yeasts cultivated and
approximately each 24 hours samples were taken for biomass, carotenoids and
autofluorescence intensity determination.

2.2 Turbidimetric determination of biomass

Biomass  determination was performed turbidimetrically at 630nm
(spectrophotometer Helios d, Unicam), after appropriate dilution of cell suspension.
Calibration curves published earlier's was used for evaluation.

2.3 HPLC carotenoids determination

For carotenoids determination 100 mL of each culture was sampled and centrifuged
(5 000 RPM, Sigma Laborzentrifugen), washed with distilled water and centrifuged again
and after pellet was resuspended in physiological solution, the samples were freezed.
Before analysis the samples were slowly thawed in dark, then centrifuged at 5 000 RPM
for 10 minutes, washed with distilled water and centrifuged once again. Pellet was
washed of a cuvette into mortar with acetone. Then it was desintegrated, transfered into
evaporating dish and 50 mL 10% KOH in ethanol was added for saponification.
Saponification was conducted for 30 minutes at 90 °C. The residue was extracted
with diethylether several times, coupled fractions were evaporated on vacuum
evaporator. Dried extract was dissolved in ethanol for HPLC (Sigma-Aldrich) and filtred
through 0.44 pm membrane filter. Before injecting the sample on a column the samples
were shortly centrifuged.

HPLC analysis was performed isocratically with methanol (for HPLC, gradient
grade, Sigma-Aldrich) at 1 mL/min on column Kinetex C18 (2.6 mm, 4.6 x 150 mm,
Phenomenex) tempered at 45 °C. Detection used was photometric with PDA, detection
wavelength was 450 nm. Chromatografic instrumental set from company ECOM spol.
s.r.0. was used. For data analysis chromatografic software Xcalibur was used.

[-carotene determination was performed using calibration curve established
before!>. For determination of torulene, torularhodin a total carotenoids content was
the [3-carotene calibration curve used due to lack of appropriate standards. For torulene
and torularhodin identification their known spectra was used. For quantitative
determination was used dependence of peak area on a concentration of standard®. Total
carotenoids content determination was established as a sum of peak area of all carotenoids
(all peaks after torularhodin).

2.4 Flow cytometric analysis

At the same time like the samples for biomass and carotenoid detemination was
collected, the samples of cell suspension was taken for flow cytometric analysis
(Apogee A50, ApogeeFlow Systems). Yeast cells were identified in scattergram
and subsequent analysis of autofluorescence was performed at all four channels
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(FL1 — FL4). PMT's voltage of detectors collecting fluorescent light was set to 500 V, FSC
was set to 300 V and SSC to 400 V. 488 nm laser was used as excitation source.

2.5 Confocal microscopy

When the chromatografic analysis was performed, the fractions of each carotenoid
were collected and their excitation and emission spectra were recorded
(spectrofluorometer Flourolog, Horriba). Thus the appropriate wavelength for excitation
for cell measurement can be chosen. On these fractions was then performed fluorescent
lifetime analysis (MicroTime 200, PicoQuant) and carotenoids lifetimes were used
in subsequent measurements.

Samples of cell suspension collected in different times of cultivation were prepared
for microscopy by pouring 2% agarose over sample on cover glass. Samples fixed in this
manner were measured under lenses of laser scanning confocal microscope MicroTime
200 at excitation wavelength 467 nm and emission filter 520/35.

Samples for measurements using Nile red (NR) was prepared by adding 5 pL of NR
(1 mg/mL in acetone) into 1 mL of cell suspension. Samples were incubated for 3 minutes
in dark and then they were treated with 2% agarose (see above).

3 Results and Discussion

Using flow cytometer the values of MFSI/MSSI (mean forward/side scatter intensity)
and MFIx (mean fluorescence intensity, x is channel number) were established for each
species at each time the samples were taken. MFIx as the functions of time, MFIx = f(t),
were compared with coupled carotenoids content in time. Correlations were found using
least squares linear regression. All posible combinations between fluorescence channels
and content of  torulene, -carotene and total carotenoid content were checked. Such
high correlations were proved for Rhodotorula glutinis (Graph 1) and Sporobolomyces roseus
(Graph 2) and their total carotenoid content using FL1 channel (green).
For Cystofilobasidium capitatum and Sporobolomyces shibatanus such correletion were not
found. Reasons are not known and will be subjects of further investigations. For the case
of Cystofilobasidium capitatum there should be some kind of linkage with size of
intracellular lipidic granules. Big granules were found using confocal microspopy
(see further).

MEFSI and MSSI values with number of cells n in 1 pL of cell suspension were used
for biomass evaluation. Each sample were diluted in the same manner (50x), so there is
no need to take dilution into account further. Simple model was established

B=MFSI-MSSI-n (1)

where forward scatter is proportional to cell diameter (and thus volume) and side
scatter is proportional to inner complexity (and thus cell density). B means biomass
quantity in g/L. For better clarity of graphs (Graph 3), both sides were logarithmed

In B =In (MFSI - MSSI - n) )
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Graph 1: Dependence of total carotenoids content on FL1 autofluorescence (green part of spectrum)
for Rhodotorula glutinis.

900 2
800 - >
700 ~
600 f(x) = 8,63x y &
= >
500 RSQ = 0,95 ol
400 P
300 P
200 P
-/
100 .
O Pt
0 20 40 60 80 100 120

total carotenoids (ug/g dry mass)

RLE]

Graph 2: Dependence of total carotenoids content on FL1 autofluorescence (green part of spectrum)
for Sporobolomyces roseus.

With exception in Rhodotorula glutinis species, strong correlations were found.
Thus it should be stated that flow cytometry is appropriate method for on-line biomass
analysis in timescale of minutes after sampling from reactor.
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Graph 3: Dependence between biomass, scatter and number of cells.

Time-resolved fluorescence measurements reveals extremely short carotenoids
lifetimes (Table 1). This values were used for localization of carotenoids inside cells.
Another useful values of intracellular fluorophores lifetimes were reviewed in literature:
coenzymes lifetimes!617 and lifetimes of various modifications of cytochrome c16.1819,
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Table 1: Lifetimes of yeast carotenoids.

Compound Lifetime (ps)
Torularhodin 3,2
Torularhodinalcohol 3,5
Torulene 2,8
B-carotene 55

Example of fluorescent lifetime imaging microscopy (FLIM) image of yeast
autofluorescence is shown in Figure 1. Global image is in upper left corner. In upper right
corner is shown 3.7 ns lifetime signal, which is due to Zn?* cytochromes c in mitochondria.
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Figure 1: Cystofilobasidium capitatum FLIM images, after 35 hours of cultivation. Upper left
global image, upper right 3,7 ns lifetime (cytochromes c in mitochondria), bottom left
4,4 ps lifetime (carotenoids) and bottom right 792 ps lifetime (FAD).

There should be seen oval to kidney-like bodies, which are mitochondria. In bottom
left corner is shown 4.4 ps lifetime signal from carotenoids. Strong localization in globular
bodies is evident. Taking account nonpolar character of carotenoids, these bodies should
be lipidic granules. In bottom right corner is 792 ps lifetime signal from
flavinadenindinucleotides (FAD). It is localized widespread inside the cell with exception
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of that bodies with carotenoids. This also suggests that carotenoids are in lipidic granules,
where enzymes and their cofactors (like FAD) are rare.
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Figure 2: Cystofilobasidium capitatum stained with Nile red, global image. Image is
displayed in RGB, thus only three of four lifetimes is shown. Red 3,87 ns (NR), green
1,62 ns (NR) and blue 537 ps (NADPH).

For approval of carotenoids inside the lipidic granules, cells were labeled with NR,
which fluoresces in nonpolar conditions with double exponential decay of excited state —
1,6 and 3,8 ns lifetimes®. In Figure 2 stained yeasts are shown. There are strongly
prominent lipidic granules labeled with NR. They are so close in size and shape to that
bodies observed when the autofluorescence was measured only. Furthermore, there is
75 ps lifetime inside granules, which should be denoted to carotenoid-NR interaction.
Similar lifetime was observed in lag phase, pointing to carotenoid-ergosterol interaction
(ergosterol is structurally similar to NR).

Approval of carotenoid-ergosterol interaction, eventually carotenoid-NR interaction,
for excited state stabilization and lifetime extension will be subject of further investigation.
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1 Uvod

Vo svete sa nachadza miliarda castic, ktoré nas zivot bez vedomia ovplyviuju
pozitivne alebo negativne. Arzén je na to typicky priklad. Tato praca by mala Sirokej
verejnosti objasnit arzén ako prvok a jeho vyznam v beznom Zzivote ¢loveka. Najcastejsim
problémom l'udstva je ochrana zivotného prostredia. V poslednych desatrociach dochadza
k sustavnému a opakovanému znelistovaniu prostredia. Dochadza k zvySovaniu
koncentracii toxickych prvkov (As, Hg, Cd) a ich zlucenin v pode, vode, ovzdusi ¢o moze
zvySovat ich obsah v potravinach a naslednému vplyvu, nie len na zdravie ¢loveka, ale aj
zvierat a rastlin. Rimanky pouzivali zlatozlty sulfid arzenity As2Ss ako licidlo a depilator
[1]. Travici oblubovali oxid arzenity (arzenik) As20s, ktory pridavali po malych davkach
do jedla, ale aj do sviecok, ktoré pri horeni do ovzdusia rozptylovali toxické pary [1].
Arzén je zacleneny na zaklade tc¢inkov na ludsky organizmus medzi toxické prvky. Arzén
a jeho zltceniny sa pouzivali ako lieky i jedy od cias starovekého Grécka az do polovice
20. storocia [2]. Tieto arzénové pripravky sa prejavili ako nadmieru G¢inné prostriedky
k usmrcovaniu mikroorganizmov a po mnohé roky sa k tomuto ucelu aj vyuzivali.
Rozli¢nost medzi davkami pri tejto chemoterapii a davkami toxickymi nebol velmi
enormny, a tak mnohi chori l'udia vykazovali priznaky otravy arzénom. Tu vznika otazka

je arzén liek alebo jed? Prvé historické zmienky o arzéne siahaji az do ¢ias Hippokrata.

115



V 13. storo¢i nemecky alchymista Albertus Magnus ako prvy opisal metédu pripravy
elementarneho arzénu. Ndzov pochadza od jeho zlatozltého nerastu auripigmentu As2Ss,
ktory za Aristotelovych ¢ias nazyvali ,arzenikom” [2]. V mojej praci sa budem venovat
prehladu analytickych metdd pouzitelnych pre stanovenie arzénu atdémovou absorpénou
spektrometriou (AAS) a rozpustacou chronopotenciometriou. Arzén je prvok 5. skupiny
periodickej ststavy prvkov vyskytujuci sa vacsinou v loziskach niektorych sulfidov kovov
s relativnou atémovou hmotnostou 74,9216 g mol-'. Jeho koncentracia v zemskej kore sa
odhaduje v priemere na 2 mg kg'. Vyskytuje sa vo forme anorganickych a organickych
zltcenin. V anorganickych zluceninach st prevladajice oxidacné stupne +III a +V.
V organickych zltceninach ide predovsetkym o metylované formy. Mineraly arzénu st
rozsirené po celom svete v zemskej kore je rozsirenejsi ako kadmium alebo zlato.
V malych mnozstvach bol objaveny aj vo volnej forme. Ludsky organizmus v obycajnej
situacii obsahuje 10-20 mg arzénu. Uklada sa v tkanivach, ako st vlasy, srst, nechty,
rohovina, ktoré sa vyuzivaju pri identifikacii chronickych otrav [3].

Zatial ¢o o jeho zluceninach, ¢ uz organického alebo anorganického povodu sa to
neda vyjadit. Zltceniny arzénu st tym viac toxickejsie ¢im viac st rozpustnejsie vo vode.
S klesajuicim oxida¢nym ¢islom toxicita vzrasta, arzenité zluceniny As!l s toxickejsie ako
arzeni¢né zlaceniny As' a metylované formy arzénu si menej toxické ako anorganické
soli. Najtoxickejsie st arzénne zlicleniny As!, napr. kyselina arzénna H3zAsO: a jej
organické analégy R-H2AsO:2 pdsobia toxicky okamzite [3]. Toxicka davka pre Tudsky
organizmus je 30-50 mg, akutnu otavu vyvolava 100 mg, ale 70 az 180 mg arzénu je pre
cloveka smrtelna davka. Pocas liecby otravy arzénom sa pravdaze presadzuje selén, ktory
tvori nerozpustné selenidy (As:Ses). Arzén je kov sivej farby s kovovym leskom (sivy
arzén). Zaradujeme ho skor medzi polokovy nez medzi kovy kedZe jeho chemické
vlastnotsti st na hranici kovov a nekovov. Medzi zli¢eniny arzénu patria: Arzenitany,
Arzeni¢nany, Arzénové farby [3]. V prirode sa As vyskytuje viac menej na kazdom kroku,
¢i uz v potravinach ale aj v pitnej vode, predovsetkym vo forme sulfidov a najcastejsie vo
forme ako arzenopyrit FeAsS. Arén sa v podobe oxidu arzenitého uvolnuje do prostredia
pri spracovani kovovych riad. Arzén nema schopnost vyplavovat sa zo zloZiek Zivotného
prostredia avSak ma tendenciu sa transformovat do inej formy z ovzdusia sa na zem

dostava usadzovanim alebo spadom dazda [4]. VacSina zlicenin arzénu je samozrejme
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rozpustnych vo vodnej zlozke a hromadi sa v teldch ryb a ma nepriaznivy vplyv na
vodny ekosystém. Do organizmu sa dostdva konzumaciou kontaminovanej pitnej vody,
potravy, inhaldciou kontaminovaného vzduchu s obsahom pilin alebo popola zo
spaleného dreva v pracovnom prostredi a v tele rastlin a Zivocichov sa viaZze s uhlikom a
vodikom do formy organického arzénu [4]. V podobe prirodnych zdrojov ako je
vulkanicka ¢innost, zvetravanie sa dostava do Zivotného prostredia ale aj priemyselnou
¢innostou ako je spalovanie fosilnych paliv, tazba nerastnych surovin a uhlia. V pripade
stanovenia arzénu mozeme pouZzit rdzne analytické metddy, z ktorych pomedzi

najpouzivanejsimi patria techniky: HGAAS, HGAFS, ICPMS .

2 Experimentalna cast

Cielom prace bolo Stanovenie arzénu (V) atdémovou absorpénou spektrometriou po

elektrochemickej separacii arzénu (III) zo vzorky.

2.1 Pouzité chemikalie

Pri analyzach sme pouzivali deionizovantt vodu dodato¢ne precistent zariadenim
NANOpure firmy Wilkem Werner GmBh. Pre galvanostaticki rozpustaciu
chronopotenciometriu sa takto precistena voda navySe zbavovala plynov prevarenim

a ochladenim.

Referencné materialy:
e Zé&kladny roztok As (III) (1,0000 g dm~3) sme pripravili rozpustnenim As,0
(99,95-100 %, Sigma- aldrich, Bratislava SR) v 0,1 mol dm™* NaOH.
e Zakladny roztok As (V) (1,0000 g dm™3) ) sme pripravili rozpustnenim As, 05
(299,99 %, Sigma- aldrich, Bratislava SR) v 0,1 mol dm~2 NaOH.

Chemikalie:
. HNOs p.a., konc.,, LACHEMA as., 0.z. Neratovice, CZ
Obsah As max. 0,000003 % (kyselina bola dodatocne precistena povrchovou

redestilaciou).
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Roztoky:

HCl p.a,, konc,. MikroCHEM spol. s.r.0., Pezinok, SR
Obsah As max. 0,00001 %.

ETAAS
Vsetky roztoky pouzivané pri ETAAS musia byt upravené pridavkom kyseliny
dusicnej. A to takym mnozstvom, aby vysledna koncentracia kyseliny dusi¢nej

bola 0,01 mol dm™3.

GST

Roztok zékladného elektrolytu: HCI ¢ = 0,1 mol dm™3

Pozn. roztoky arzénu pre GST boli pripravované v zakladnom elektrolyte.

Modifikator:

Pd ¢, =2,0gdm™3 Slovensky metrologicky ustav.

2.2 Laboratdrne pristroje a pomocky

Pristroje:

Pre atdomovu absorpcnit spektrometriu
Pri tejto praci sme pouzivali atébmovy absorpény spektrofotometer AA-6300
s elektrotermickym atomizatorom GFA-EX7i firmy Shimadzu. Ako zdroj

Ziarenia bola pouzita vybojka s dutou katoédou.

Pre rozpustaciu chronopotenciometriu

Vtejto Casti prace sme pouzivali pristroj EcaFlow model 150 GLP firmy
ISTRAN, s.r.o. Bratislava. Dalej sme pouZivali uhlikovii pozlatend poréznu
elektrédu stypovym oznacenim E-53, ktora sa vkladala do Specialnej

elektrochemickej prietokovej cely.

118



Elektrolyt

Pumpa

Standard

Filter
Vzorka

Obrazok 1: Blokova schéma pristroja Eca Flow model GLP 150

Pomécky a laboratdrne sklo:

Kazdé laboratérne sklo bolo pred kazdym pouzitim precistené ,, nanopurovou”
vodou, kyselinou dusi¢nou a opat vodou.
Pouzivali sme tieto pomdcky:
. Odmerné banky 50 mL, 100 mL
e  Kadicky: 50 mL, 100 mL, 250 mL, 500 mL
e Mikropipety firmy EPPENDORF

e  Plastové flase, plastové stricky, aparattira ma redestilaciu kyseliny dusi¢nej
3 Pracovny postup

3.1 ETAAS

Pred zacatim merania sme umiestnili do drziaka lamp arzénovu lampu. Nastavili
sme pracovné parametre a nechali sme ju minimalne 15-30 minut Zhavit. Nasledne sme
spustili vSetky potrebné sucasti meracieho zariadenia. Zapli sme korekciu pozadia
metédou SMITH-HIEFTJE a spustili nosny plyn (argén). Nastavili sme teplotny program,

vlnovt di¥ku, hodnotu vkladaného prudu, sirku Strbiny, davkovaci objem roztokov.
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Tabulka 1: Pracovné parametre pristroja GFA-EX7i pre stanovenie arzénu

Temperature 2200 2500
(4O

Time (s) 20 10 10 10 3 2 2
Head mode ramp ramp ramp step step step step

Ramp....postupny ohrev

Step.... Skokovy ohrev

Jednotlivé odporucané hodnoty teplotného programu sme neskor optimalizovali.

Dalsie parametre:

Vkladany prad ............... 12mA
VInové diZka pre As.......193,7 nm
Sirka Strbiny......ccccoeveeeee. 0,7 nm
Dévkovaci objem............... 15 ul
3.2 GST

Pred analyzou sme zapli kontrolnt jednotku prietokového analyzatora a pocitac.
V kniZnici pocitaca sme vyhladali meraci program. Po jeho odstartovani sme cez pocitac
nastavili pozadované parametre. Naplnili sme nadobky pre zakladny elektrolyt, vzorku
a ponorili sme do nich prislusné nasavacie hadicky. Naplnili sme prietokovy systém
a spustili meranie, ktoré uz dalej prebiehalo tplne automaticky. Procesy prebiehajice
v zariadeni sa daju zrhnut takto: Privodova hadicka vzorky sa preplachne vzorkou.
Najprv sa odmeria signal pozadia. Pri nastavenom prude sa prekoncentruje zadany objem
zakladného elektrolytu. Po preteCeni zakladného elektrolytu sa zastavi cerpadlo

a potencidl sa presunie na Startovaciu hodnotu a zostane na tejto hodnote po dobu
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ustalenia. Vylucené kovy sa rozpustia nastavenym konStantnym priadom, pricom sa
zaregistruje chronopotenciogram — signal pozadia. Po zapnuti cerpadla sa pripadné
rozpustné kovy vyplavia roztokom elektrolytu z cely. To isté sa automaticky opakuje pre
zadany objem roztoku vzorky, a tym sa ziska signal vzorky, od ktorého sa automaticky

odcita signal pozadia. [8]

Tabul'ka 2: Pracovné parametre pristroja EcaFlow pre stanovenie As:

Prad nahromadenia [pnAl] -3100
Pociatocény potencial [mV] -400
Koncovy potencial [mV] 750
Rozpustaci prad [uA] 200
Doba ustalenia [s] 10
Max. trvanie merania [s] 30
Regeneracny potencial [mV] 900
Doba regeneracie [s] 10
Objem vzorky [ml] 1-5
Objem na premytie [ml] 3
Objem na meranie pozadia [ml] 1-5
Prietok [ml 3
min1]

Cerpadlo pri rozpastani Vypnuté

Odporticané hodnoty nahromadovacieho priadu a rozpustacieho pradu sme
prebrali zo starSich diplomovych a bakalafskych prac.
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3.3 Vysledky a diskusia

3.3.1 ETAAS

Aby boli nase vysledky ¢o najpresnejsie, museli sme niektoré meracie parametre
optimalizovat. Pri ETASS sme optimalizovali teplotu rozkladu (pyrolyzy) a teplotu
atomizécie pre arzén. Dalej sme zistovali linedrny rozsah Kkalibraénej krivky,

opakovatelnost merania a urcili sme aj hodnoty medze detekcie a medze stanovenia.

3.3.1.1 OPTIMALIZACIA PODMIENOK MERANIA PRE ETAAS

Rozkladnti a atomiza¢nui teplotu sme optimalizovali nasledovne: Pripravili sme si

3z referenéného materidlu.

standardny roztok arzénu o koncentracii ¢ = 100 ug dm™
Hodnotu atomizacnej teploty sme nastavili ako konstantnti a rozkladnti teplotu sme
menili v urcitych hraniciach. Potom sme vyniesli grafickt zavislost hodnét absorbancie od
rozkladnej teploty (obr. 2). Optimalna hodnota teploty sa nachadzala na zlome tejto
zavislosti. Potom sme rozkladnu teplotu nastavili konstantntt (uz nami optimalizovanti)
amenili sme teplotu atomizicie. Optimalna hodnota sa opit prejavila na grafickej
zavislosti hodnodt absorbancie od atomizacnej teploty zlomom (obr. 3). Hodnotu

rozkladnej teploty sme postupne menili od 500 °C po 1700 °C. Z obr. 2 vidiet typicky

zlom, ktory zodpoveda optimalnej rozkladnej teplote hodnote 700 °C .

0,2 - Graf zavislosti absorbancie od teploty
< 0,15 -
o
g
S 01 -
2
i)
® 0,05 -
O T T T T T T T
400 600 800 1000 1200 1400 1600 1800
teplota [°C]

Obrazok 2: Optimalizacia rozkladnej teploty pri doporucenej atomizaénej teplote 2200 °C
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Optimalizaciu atomizacnej teploty sme robili rovnakym spdsobom. Hodnotu
teploty rozkladu sme nastavili na 700 °C a teplotu atomizacie sme menili v rozsahu
1500 °C az 2500 °C. Z grafickej zavislosti absorbancie od teploty atomizacie (obr. 3) sme

podla zlomu od¢itali optimalnu teplotu atomizacie 2200 °C.

03 - Graf zavislosti absorbancie od teploty

0,25 -
0,2
0,15 -
0,1 -
0,05
0 T T T T T \
1400 1600 1800 2000 2200 2400 2600
teplota[°C]

absorbancia

Obrazok 3: Optimalizacia atomizacnej teploty pri rozkladnej teplote 800 °C

Optimalizovany teplotny program je zhrnuty v tab. 3. V dalSej praci sme pracovali

s uvedenymi hodnotami.

Temperature 2200 2700
0

Time (s) 15 10 20 10 15 10 3 2 3
Head mode ramp ramp ramp ramp ramp step step step step

Tabul'ka 3: Optimalizované pracovné parametre stanovenia As pre pristroj

Ramp....postupny ohrev

Step.... Skokovy ohrev
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3.3.1.2 Validacia stanovenia

Analytickd chémia je zaradend medzi prirodné vedy, ktoré su charakterizované
vSeobecne platnymi zakonistostami pri dodrzani podonych okrajovych podmienok.
Podmienka zachovania rovnakych okrajovych podmienok vSak nardZa na nemoznost
sucasne urcit vSetky stavy reality, ktora nas obklopuje. Tento difiizny obraz reality je
kvantitativne popisany pravdepodobnostou existencie urcitého stavu. [10]. Z dovodu
tejto podmienky je nutné popri vlastnej analyze vykonavat aj pravdepodobnostné
zhodnotenie pozorovania, ktoré poskytuje informaciu o zvyskovej neistote merania. Na
zaklade tychto téz sme sa rozhodli skimant metodiku Statistickému spracovaniu. Ur¢ili
sme medzu detekcie, medzu stanovenia, opakovatelnost a reprodukovatelnost stanoveni.
Okrem toho sme samozrejme vSetky namerané hodnoty otestovali na odlahlost
vysledkov.

Na urcenie medze detekcie a medze stanovenia sme pouzili hodnoty ziskané

zmeranim kalibra¢nej zavislosti pre nizke koncentracie, obr. 4.

o
o
s

’

y =0,0029x
R2=0,9966

o
o
w

absorbancia
o
o
)

O T T T T T 1
0 2 4 6 8 10 12

koncetracia (ug/L)

Obrazok 4 : Kalibracna krivka pre nizke koncentracie arzénu
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3.3.1.3 Medza detekcie (LOD)

Medza detekcie (limit of detection, LOD) je podla akceptovanej konvencie [10] Statisticky
potvrdend hodnota signalu spdsobena najmensim mnozstvom analytu. Pre ziskanie
koncentra¢nej hodnoty LOD sa pouZiva tento vztah:

CD*3'§b _3.0,001868
=b; ~ 00029

3

=1,9 pgdm™

&) ... smerodajna odchylka slepého pokusu ( 0,001868)
b; ... smernica kalibracnej krivky (0,0029)

3.3.1.4 Medza stanovenia (LOQ)

Medza stanovenia (limit of quantification, LOQ) je podla konvencie [9] Statisticky
potvrdend hodnota mnozstva jednoznacne priraditelnd analytu. Pre ziskanie
koncentracnej hodnoty LOQ sa pouziva vztah:

CD_10.§b _10.0,001868 3

by - 00020 -—otHgdm”

&) ... smerodajna odchylka slepého pokusu ( 0,001868)

b; ... smernica kalibracnej krivky (0,0029)

3.3.1.5 Opakovatelnost

Vysledky st opakovatelné vtedy, ked ich s pouZzitim tej istej vzorky dosahuje ten
isty pracovnik, tou istou metdédou ana tom istom zariadeni [10]. Opakovatelnost sme

? , pri€om merania sme

urcili meranim modelovej vzorky s koncentraciou c¢ = 10,00 ug dm™
vykonali na tom istom zariadeni, za rovnakych podmienok, tym istym pracovnikom,

v rychlom ¢asovom slede analyza). Opakovatelnost bola RSD = 3,3 % pre n = 20.
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3.3.1.6 Kalibraé¢na zavislost

Pracovny (linedrny) rozsah kalibra¢nej krivky je velmi ddlezity. Pri merani roztokov
s koncentraciami nad linearny rozsah by dosli k vyraznym skresleniam vysledkov.

Pripravili sme si roztoky arzénu s koncentraciami 0, 25, 50, 100, 250 a 500 ug dm™3

vo
vode s pridavkom kyseliny dusi¢nej. Tieto sme potom premerali na atémovom
absorpénom spektrometri pri optimalizovanom teplotnom programe. Z nameranych

hodnot sme vyniesli graficka zavislost absorbancie od koncentracie od arzénu (obr. 5).

absorbancia
S o o
) w I
| | J

o
N
|

o

0 50 100 150 200 250 300 350 400 450 500
c (ug/L)

Obrazok 5: Urcenie pracovnej Casti kalibracnej krivky

Z obrazku 5 vidiet, Ze krivka je linedrna v rozsahu 0-100 pg dm™3 As

3.3.2 Galvanostaticka chronopotenciometria

Optimalizacia pracovnych podmienok pre galvanostaticki —rozpustaciu
chronopotenciometriu pozostava z optimalizacie nahromadovacieho a rozpustacieho
pradu. Pri optimalizicii nahromadovacieho pradu sme pouzili roztok arzénu

% a20ug dm™2 pripraveny v zdkladnom elektrolyte. Tento sme

s koncentraciami 10 pg dm™
analyzovali na prietokovom elektrochemickom analyzatore. Nastavili sme odporucané
pracovné parametre a zvolili sme davkovaci objem na 3 mL. Pracovné podmienky su

zobrazené aj na pracovno mokne riadiaceho programu. (obr. 6)
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Vieobecné | Prepardcia | Regenerdcia  Meranie | Kalibrcia | Wpodet | Vaorey |

— MNat lie

Edepos : IE] mV
Idepos : |-3‘IDD uf

— Potencial {m\)

Estart 1 :IF
EstartZ:IF

Estop :IT-"ErD—
Eregen :IRDD—
Estndby:[750

—Pauza (s)

Quiesc :I‘ID
Quiesc2 :I‘ID
Regen :|5

Objem {ml)
Vzorka :

Pozadie :

Preplach :

111

— Rozplétanie :

Istrip : |ZDD uA

Segmentovat’ vzoru
’7(:' Mie (@) Ano—‘

Max. &as IGD s
Pumpa : &% vyp ™ Zap

Meraci méd
’7(3' Méds € MadB

Prietok : |3 ml/min

Obrazok 6: Pracovné parametre pre meranie arzénu

Na obr. 7 je vidiet

kalibracnym roztokom , ¢ierne ¢iary opakovanym meraniam analyzovanej vzorky.

2000+ ~\

500

500 400 300 -200 100 0 100 200 00 400 500 600 700

Obrazok 7: Zaznam stanovenia arzénu

Na obr. 8 st vidiet koncentracie kalibra¢nych roztokov.

127

zaznam stanovenia arzénu. Zelené Ciary zodpovedaju

V]



VBeobecné | Preparécia | Regenerdcia | Meranie  Kalibracia ]W'poéet] Vzorky |

. ErT

Kalibragna priamka Pridavky &tandardu

Cadl:[10 ugs Catd: 20 uga

Cstd2:[20  ug/ Lpridavok: [0

cad3:0 ugs 2pridavok: [0
o

mi

3. pridavok : mi

Obrazok 8: Koncentracie kalibracnych roztokov

Grafickd z4vislost pre kalibraciu roztokov arzénu s koncentraciami 10 pg dm™3

a 20 pg dm™3 pripravené v zékladnom elektrolyte vynesena na obr. 9.

Tou [s]
130 Smernica : 0.0601
Priescénik : 0.0049
1204 Coefficient of determination : 0.9998
Residual deviotion : 0,000
1104
1
0.90-
0.00
070
0.60 o
0.50
0.40 1
0.30
0.20

clstd) fugh]

Obrazok 9: Grafickd zdvislost kalibrdcie arzénu s koncentraciami 10 pg dm™3

3

a20 ug dm™

Pre hlavny experiment tejto prace sme pouzili roztok, ktory obsahoval sticasne

3

20 pug dm™ arzénu (V) a 20 pg dm~>arzénu (IlI) v pritomnosti kyseliny chlorovodikovej
a v prevarenej vode. V prvom kroku sme spustili elektrochemické stanovenie arzénu na

pristroji EcaFlow. V tomto kroku sa arzén (III) zachytil v objeme pracovnej elektrody.
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Principom bola redukcia As(Ill) z roztoku HCI, ktory pretekd cez poréznu uhlikovu

elektrédu upraventi s Au a kontinudlna redukcia a nahromadenie As vo forme As(0)

v objeme elektrédy. Pocas nahromadenia bol roztok vytekajtci z elektrochemickej cely

zachyteny v objeme asi 1 mL do pripravenej predlohy. V tomto roztoku sa po pridani 5 uL

konc. HNO3 stanovila koncentracia arzénu metédou ETAAS. Arzén (V) sme stanovili na

atomovom absorpénom spektrometri. Nastavili sme davkovanie 15 pl roztoku a 10 ul

modifikatora (Pd).

Tabulka 4: Vysledky stanovenia arzénu pomocou GST

Priemerna hodnota

Tabul'ka 5: Vysledky stanovenia arzénu pomocou ETAAS

Opakovanie

Priemerna hodnota

As [ug dm™3]
20,7
20,4
20,9
20,6
20,9

20,7+0,2
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20,1
19,6
20,3
20,4
20,2
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4 Zaver

Arzén ako chemicky prvok umiestneny v 15.skupine periodickej ststave prvkov
s protonovym ¢islom 33 ma Siroké uplatnenie vo farmaceutickom priemysle
a polnohospodarskom priemysle, kde mozno zaradit aj vyrobu pripravkov na nicenie
skodcov a deratizacnych prostriedkov. Arzén sa vyskytuje vo forme anorganickych
a organickych zlucenin. Arzén je pre ludsky organizmus toxicky. Organicky arzén
nevykazuje také vyrazné toxické ucinky ako anorganicky arzén. Arzén bol klasifikovany
ako karcinogén na zaklade preukdzaného ucinku na vznik rakoviny koze. Vyhodou
arzénu je, ze ma uplatnenie vo vede, ale aj v medicine ¢i v priemysle. V minulosti bol jeho
rozvoj ovplyvneni tym, Ze bol znamy ako jed na zabijanie. V dnesnej dobe je arzén
vnimany ako prvok s vysokou toxicitou a preto je nebezpecna koncentracia v prirodnych
vodach celosvetovym problémom. Arzén sa vyskytuje v oxidacnom stupni (-III), (0), ( +III)
a (+V). V prirode sa najcastejSie nachadza vo forme As(Ill) a As(V). V praci sme
optimalizovali podmienky merania pre stanovenie arzénu (V) atémovou absorpénou
spektrometriou a optimalizacii podmienok merania pre stanovenie arzénu (III)
rozpustacou chronopotenciometriou. V experimentalnej casti prace, mozeme vidiet
pokusy optimalizacie stanovenia arzén. Pri atomovej absorpcnej spektrometrii sme
optimalizovali teplotu rozkladu (pyrolyzy) a teplotu atomizécie pre arzén. Dalej sme
zistovali linedrny rozsah kalibra¢nej krivky a zamerali sme sa na kalibra¢na ciaru pri
nizkych koncentraciach. Pomocou rozpustacej chronopotenciometrie sme stanovovali
arzén (III), kde sme optimalizovali nahromadovaci a rozpustaci prad. Cielom prace bolo

stanovenie arzénu (III) a po naslednej oxidacii na arzén (V).
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1 Uvod

Hlavnou charakteristikou dnesnej doby je globalna digitalizacia, ktora je
neodmyslitelnou stcastou nasich Zivotov. Rozvoj pocitacovych technolégii a ich
spristupnenie Sirokej verejnosti nam v globale Setri cas i financ¢né prostriedky. Napriek
tomuto trendu nestracaju svoje postavenie tradicné tlacené média, medzi ktoré patria aj
dokumenty. Ide prevazne o rdzne typy pisomnosti vo forme listov, obchodnych zmlav ¢
tradnych listin. Ich tilohou je sprostredkovat informacie v nich obsiahnuté jednému alebo
skupine adresatov. Niektoré typy dokumentov maji osobity charakter a ich originalita
musi byt chranena. Neoddelitelnou stcastou takychto typov dokumentov su preto
rozli¢né ochranné prvky.

Predkladana praca sa venuje skimaniu pravosti uradnych dokumentov. Pravost
takychto dokumentov je charakterizovana viacerymi znakmi, akymi st predovsetkym
podpis a odtlacok peciatky. Analyza spornych odtlackov peciatok je nosnou témou tejto
prace. Problematika skimania odtlackov peciatok je v znaleckej ¢innosti zalozena hlavne
na porovnavani spornych otlackov s adekvatnym komparacnym materidlom, ktory
predstavuju kontrolné odtlacky peciatok, v analyze oznacované ako pdvodné, tj.
originalne.

2 Experimentalna cast

2.1 Vyroba peciatok a odtlackov 1. generacie

Podla nami vopred pripraveneého grafického navrhu sme si nechali zhotovit
komercné peciatky 1. generdcie komerénym vyrobcom.

Pre samotny experiment bolo najdolezitejSie disponovat velkym mnoZzstvom
vyhotovenych kontrolnych odtlackov peciatok prislusnej generacie. Tie nam nasledne
sluzili pri komparacii originalnej peciatky (peciatka 1. generacie) a falo$nej peciatky
(peciatka 2. generacie). Odtlacky peciatok boli zhotovované podla rozlicnych hladisk,
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akymi mdzu byt zhotovené aj v samotnej praxi. Jednotlivé kritéria zhotovovania
odtlackov st uvedené v tabulke 1.

Tabul'ka 1.: Premenné parametre pouZité pri vyhotoveni jednotlivyjch otlackov peciatok.

Papier kancelarsky prieklepovy
POdIOﬂTa pod rnéik.ké tvrda ( pracovny stol )
papier (5 ks papiera A4 )
Sklon odtlacenia kolmy prevalovaci
Pouzity pritlak silny ( dorazny ) slaby ( volny )
1 namocenie a 1 1 namocenie a viacnasobné

. ladeni
Spessblcdl e odtlacenie odtlacenie

Peciatky 2. generacie sme pre nas experiment zhotovovali na zaklade zoskenovania
kvalitativne najlepSieho odtlacku peciatky 1. generacie. Ziskany sken sme nasledne
pouzili na vyrobu falo$nej peciatky, a to dvomi spdésobmi. V prvom pripade sme vybrané
odtlatky (okrahla iobdi#nikové peciatka) zoskenovali do siboru na zariadeni Epson
Stylus PHOTO PX730WD pri rozliSeni 1200 dpi. Stibor skenu sme nasledne ako predlohu
bez dalSich tprav zaniesli do firmy, kde nam z neho komercne vyrobili pediatku
2. generacie. Dolezité bolo, aby peciatka druhej generacie bola vyrobena s ponechanim
defektov spésobenych odtlacenim peciatky na papier.

V druhom pripade sme stbor skenu upravili pomocou grafického programu Adobe
Photoshop CC tak, aby predloha pre vyrobu peciatok 2. generacie obsahovala minimalny
pocet defektov, teda odstranili sme v ¢o najvacSej miere rozpité linie znakov pediatky. Po
dokonéeni vietkych grafickych tiprav sme predlohu pre okriihlu i obdiznikovii pediatku
2. generdcie vytlacili ako negativy na pauzovaci papier. Nasledne sme pomocou takto
vytlatenych negativou vyrobili v laboratéornych priestoroch peciatky 2. generacie
fotopolymerizaciou.

Odtlacky peciatok 2. generdcie — komercne ilaboratérne zhotovenych — sme
zhotovovali podla nezmeneného postupu, aky bol pouzity pri vyhotovovani odtlackov
peciatok 1. generdcie, pricom boli opatovne pouZzité premenné uvedené v Tabulke 1.

2.2 Mikroskopické meranie hrabky linii znakov na odtlackoch peciatok

V Tabulkach 2-13 sti zahrnuté hodnoty hribky linii vybranych znakov otlackov
textovej iokruhlej pediatky pre ich 1. aj 2. generaciu. Peciatky boli odtlacané na
kancelarsky a prieklepovy papier. Znaky, ktorych hrubku sme merali, st vyznacené na
Obrazku 1.

NEZNAMA FIRMA s.r.o.
Vymyslena ulica 98
765 43 Mesto na Dunaji
ICO: 210XYZ, \ 0246813579

Obr. 1: Merané znaky obdiznikovej a okrithlej peciatky
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Tab. 2: Hriibka linit vybranyjch znakov textovej peciatky — 1. generdcia, kanceldrsky papier.

znak N A M
hrubka [um] 564+ 16 554 +23 518 + 31

znak m 1 M
hrubka [um] 435 + 60 433 + 38 481 + 30

znak j Y 1
hrubka [um] 384 +24 401 £ 61 478 + 40

Tab. 3: Hriibka linit vybranyjch znakov textovej peciatky — 2. generdcia, kanceldrsky papier.

znak N A M
hrubka [um] 701 +21 609 + 36 566 + 14

znak m 1 M
hrubka [um] 574 + 18 605 + 22 555+ 11

znak j Y 1
hrubka [um] 528 +13 634 + 42 530 + 36

Tab. 4: Celkovd hriibka linii textovej peciatky — 1. a 2. generdcia, kanceldrsky papier.

hrubka [pum]

1. GENERACIA

470 £ 63

2. GENERACIA

589 + 55

Tab. 5: Hriibka linit vybranych znakov textovej peciatky — 1. generdcia, prieklepovy papier.

znak N A M
hrubka [um] 612 + 56 639 + 44 521 +14
znak m 1 M
hrubka [um] 580 21 632 +26 546 + 17
znak j Y 1
hrubka [um] 466 + 23 616 + 35 569 + 26

Tab. 6: Hriibka linii

vybranyjch znakov textovej peciatky — 2. generdcia, prieklepovy papier.

znak N A M
hrubka [um] 1148 + 76 827 +49 823 + 53

znak m 1 M
hrubka [um] 760 + 37 755 +22 -

znak j Y 1
hribka [um] - 895 +40 773 +37
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Tab. 7: Celkovd hriibka linii textovej peciatky — 1. a 2. generdcia, prieklepovy papier.

hrubka [pum]
1. GENERACIA 576 + 57
2. GENERACIA 912 +115

Tab. 8: Hriibka linit vybranyjch znakov okriihlej peciatky — 1. generdcia, kanceldrsky papier.

znak N A M m 1

hrubka [pm] | 439+12 | 511+21 456 +24 | 417+16 | 492+31

Tab. 9: Hriibka linit vybranyjch znakov okriihlej peciatky — 2. generdcia, kanceldrsky papier.

znak N A M m 1

hribka [pm] | 573+72 | 519+39 | 655+54 | 436+16 | 659+45

Tab. 10: Celkovd hriibka linii okriihlej peciatky — 1. a 2. generdcia, kanceldrsky papier.

hrubka [pum]
1. GENERACIA 463 + 38
2. GENERACIA 568 + 94

Tab. 11: Hribka linii vybranych znakov okriihlej peciatky — 1. generdcia, prieklepovy papier.

znak N A M m 1
hrubka [pm] | 658 +41 640 +24 - 688 + 33 703 + 45

Tab..12: Hribka linii vybranych znakov okriihlej peciatky — 2. generdcia, prieklepovy papier.

znak N A M m 1
hrabka [um] | 698+30 | 799 +72 = 652 + 33 =
Tab. 13: Celkovd hriibka linii okriihlej peciatky — 1. a 2. generdcia, prieklepovy papier.
hrubka [pum]
1. GENERACIA 672 +28
2. GENERACIA 717 £75

Mikroskopické skimanie hrubky linii vybranych znakov je komplexne
vyhodnotené v Grafoch 1-4, v ktorych je zobrazena komparacia hrubky linii znakov
textovej a okrahlej peciatky ich 1. a 2. generacie na kancelarskom a prieklepovom papieri.
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Graf 1: Porovnanie hriibky linii znakov textovej peciatky 1. a 2. generdcie — kanceldrsky papier.

hrabka [pum]

znak

Graf 2: Porovnanie hriibky linii znakov textovej peciatky 1. a 2. generdcie — prieklepovy papier.

hribka [pum]

. generacia
=) 2. generacia

znak

Graf 3: Porovnanie hriibky linii znakov okriihlej peciatky 1. a 2. generdcie — kanceldrsky papier.

hrabka [pum]

M
znak
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Graf 4: Porovnanie hriibky linii znakov okriihlej peciatky 1. a 2. generdcie — prieklepovy papier.

900 - Ml 1. generacia
[ 2. genericia |
800 -

hribka [um]

M
znak

2.3 Komparacia odtlackov peciatok optickou metédou

Hlavnou metédou vyhodnocovania vysledkov prace je komparacia 1. a 2. generacie
video-spektralnym komparatorom VSC 5000. Porovnavali sme najma zhodu hrabok linii
jednotlivych znakov, ich polohu v samotnom odtlacku (prekryv/presah linii). Prvotne sme
vzajomne porovnali 1. a 1. generaciu odtlackov, potom 1. a 2. generaciu otlackov, ktoré
boli vytvorené réznymi premennymi parametrami. Zdznamy daného pozorovania st
uvedené v tabulkach 14-19. Hodnotenych bolo niekol'ko veli¢in:

e hriibka linii - konstatuje zhodu/nezhodu v hribke/prekryve jednotlivych linii,

e defekt — posudzuje pritomnost/nepritomnost defektov, t.j. chybajtcich casti pritomnych
znakov v ich ploche alebo konttre,

e graficky obraz — hodnoti tzv.medzipismenové medzery (rozostupy jednotlivych
pismen), komplexné zachovanie S$truktury odtlacku peciatky a grafického vizualu,
vzhladu,

o stupen nezhody — vyjadruje celkové hodnotenie komparacie.
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Vysvetlenie skratiek pouZityjch v tabulkdch 14-19:

1. generacia 1G
Peciatka 2. generacia vyrobena komercne 2G
2.generacia vyrobena laboratérnym spésobom 2G(B)
kancelarsky k
Papier
prieklepovy p
makka m
Podlozka pod papier
tvrda t
silny s
Pritlak
volny \4
zhoda/pritomnost

nezhoda/nepritomnost

LX)

CELKOVE HODNOTENIE (stupeii nezhody)

(0]

(1) 2]

ziadna

nezhoda

1 parameter 2 parametre

je nezhodny st nezhodné

3 parametre
st nezhodné

Tab. 14: Porovnanie odtlacku textovej peciatky — 1. generdcia s 1. generdciou.

Vychodiskovy odtlacok

@ i hrabka linii defekty graficky obraz stupetl nezhody

,§‘ 1Gk,m, v 6 @
§ 1GKk, t, s o 0
3 1Gk t,v o 0
% 1Gp, t, s 0 o o
>

‘g 1Gp, t, v 0 0 o
e 1G p, m, s o 0
2. 1Gp, m, v 9 @
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Tab. 15: Porovnanie odtlacku textovej peciatky — 1. generdcia s 2. generdciou.

Vychodiskovy odtlacok

1GK t s hrabka linii | defekty graficky obraz stupeni nezhody

I EEEE: © | 0] © )

. 2Gk m, s O O (%] (2]

o

\8 2Gk,m,v o o 0 9

5 2Gp, t,s () [ x) [ x) (2]

‘E 2Gp, t, v - - - -

5 2Gp,m, s [ x) [ x) - (2

& 2Gp, m,v - - - -

Tab. 16: Porovnanie odtlacku textovej peciatky — 1.

generdcia s 2. generdciou (B).

Vychodiskovy odtlacok

1Gk, t, s

hrubka linii

defekty

graficky obraz

=13

stupen nezhody

porovnavané odtlacky

2GB) Kk, t, v
2G(B) k, m, s
2G(B)k, m, v

2GB)p, t, s
2GB)p, t, v
2G(B) p, m, s
2G(B)p, m, v

Q000000

(X xIx Ix Ix Ix x|

Tab. 17: Porovnanie odtlacku okriihlej peciatky — 1. generdcia s 1. generdciou.

Vychodiskovy odtlacok

1Gk, m, v

hrubka linii

defekty

graficky obraz

stupen nezhody

porovnavané odtlacky

1Gk,m,s
1GKk, t, v
1Gk, t, s
1Gp, t, v
1Gp, t, s
1Gp,m, v
1Gp,m,s

00000

o

(Si-1ololololeo]

Tab. 18: Porovnanie odtlacku okriihlej peciatky — 1. generdcia s 2. generdciou.

Vychodiskovy odtlacok

1Gk, m, v

hrubka linii

defekty

graficky obraz

stupen nezhody

porovnavané odtlacky

2Gk,m,s
2Gk, t, v
2GKk, t, s
2Gp, m,v
2Gp,m,s
2Gp, t, v
2Gp, t,s

(x|

O 00

(%

0 OO0

0 00 0O
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Tab. 19: Porovnanie odtlacku okriihlej peciatky — 1. generdcia s 2. generdciou (B).

Vychodiskovy odtlacok

e hrubka linii defekty graficky obraz stupeni nezhody
= 2G (B)k, m, s [ [x) 3)
)é 2G (B) k, t, v [ x) %) e
3 2G(B)k t, s %) O ©
§ 2G (B) p, m, v [ x) %) e
g 2G (B) p, m, s [ x) (%) e
g 2G (B) p, t, v [ x) %) e
2 aj2G (B) p, t, s 9 9 9

Okrem tabuliek patria do tejto podkapitoly aj vizudlne zachytené vybrané
komparacie odtlackov textovych peciatok 1. generacie vzajomne (Obr. 2) a 1. a 2. generacie
(Obr. 3-4), resp. okruihlych peciatok 1. generacie vzajomne (Obr. 5) a 1. a 2. generacie (Obr.
6-7). Z tychto grafickych zobrazeni je na prvy pohlad zrejma zhoda/nezhoda v tvare,
hrubke, defektoch i v posunuti jednotlivych znakov, ktora je kvalitativne hodnotena v tab.
14-19.

NEZNAMA FIRMA s.r.0.
Vymyslena ulica 98
765 43 Mesto na Dunaji
IGO: 210XYZ, % 0246813579

Obr. 2: Kompardcia odtlacku peciatky 1G, k, m, s —1G, k, t, s

NEZNAMA FIRMA s.r.0.

Vymyslena ulica 98
76543 na Dunaji

1CO: 210XYZ,§ 0246813579

Obr. 3: Kompardcia odtlacku peciatky 1G, k, m, s —2G, k, m, s

NEZNAMA FIRMA s -
Vymyslen? Uica 98
765 43 Mesio na Durna
ICO: 210XYZ, N 02468 3575

Obr. 4: Kompardcia odtlacku peciatky 1G, k, m, s —2G(B), k, m, s
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Obr. 7: Kompardcia odtlacku peciatky 1G, k, m, s —2G(B), k, m, s

4 Zavery

V stilade so zadanim a stanovenymi cielmi prace sa prestudovala odborna literattra
tykajtca sa postupov a metdd kriminalisticko-technického skiimania odtlackov peciatok
na spornych dokumentoch. Komerénym spésobom podla navrhnutej textovej a grafickej
predlohy sa dali zhotovit dve drevené petiatky — obdiZnikova a okrtthla. Z nich sa
vyhotovili odtlacky pomocou ciernej peciatkovej farby. Pouzili sa rézne druhy papiera,
rozne tvrdé podlozky, rdzne sposoby odtlacania a rozne sily pritlaku. Jeden z kvalitnych
odtlackov sa pouzil ako graficka predloha pre vyrobu napodobenin originalnej peciatky.
Po zosnimani predlohy tato bola jednak postipena do d'alsej komercnej vyrobne peciatok
a jednak bola pripravena polymérna matrica laboratérnym spdsobom. Z druhotne
zhotovenych peciatok boli opat zhotovené sady odtlackov sroéznymi premennymi
parametrami vyroby. Sledovala a hodnotila sa hribka linii vybratych znakov
(mikroskopicky) a hladali sa zhody a rozdiely v hrubke, tvare a Struktare odtlackov
origindlnej a falzifikovanej peciatky metédou optickej komparacie. Hlavné vysledky
mozno sumarizovat nasledovne:
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e hruibka diar znakov na odtlackoch originalnej peciatky bola mensia priblizne o 28 %, ako
hrabka linii tych istych znakov na odtlackoch falzifikatov. Zistenia platia pre odtlacky
obdiznikovych i okriihlych peéiatok, na kancelarskom i prieklepovom papieri;

e na prieklepovom papieri boli hribky linii vacSie ako na papieri kancelarskom a to az o
priblizne 45 %. Tento poznatok naznacuje, Ze je mozné vzajomne porovnavat iba odtlacky
vyhotovené na druhovo zhodnom papieri;

e vysledky komparacie, zohladniujuce zhodu/nezhodu hrubky, pritomnost/nepritomnost
defektov odtlackov a zhodu/nezhodu grafického usporiadania obrazu dokazuju, ze
odtlacky originalnych peciatok sa jednoznac¢ne daja odlisit od odtlackov falzifikovanych
peciatok;

e odtlacky originalnych pediatok, ktoré boli zhotovené pouzitim viacerych premennych
faktorov, porovnavané vzajomne, mdzeme povazovat za zhodné;

® najvyssiu mieru nezhody vykazovali laboratérne vyrobené peciatky, ktoré boli
rozdielne vo vSetkych sledovanych parametroch. Tieto zavery platia pri odtlackoch
obdiZnikovych aj okrihlych pediatok.
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1 Uvod

Vyskum novych organickych materidlov pouziteInych pri vyrobe elektrickych
a elektronickych stciastok i optickych prvkov zaznamenal v uplynulom obdobi
dvadsiatich rokov intenzivny rozvoj. Z pohladu organickej syntézy sa navrhuju nové
generdcie molekul, ktorych fyzikalnochemické vlastnosti si modulované samotnou
geometriou a Struktirou molekuly, najmi alternéciou diZok konjugovanych vizieb a ich
priestorovym  usporiadanim. Chemicka stabilita molekal, ich rozpustnost
a zabudovatelnost do polymérnej matrice rozhodujt, ¢i nové molekuly budti predmetom
zaujmu aplikovaného vyskumu. V stcasnosti maji organické materialy nezastupiteInt
tlohu pri vyrobe Sirokej palety aktivnych elektrickych prvkov, ako st radary, laserové
svetld, svetlo-emitujtice diédy, detektory, modulatory, displeje, atd..

Na Fakulte chemickej a potravinarskej technolégie prebieha zdruZzeny vyskum
teoretickych vypoctov, organickej syntézy a spektroskopickych metdd. Vyskumna
skupina z Oddelenia organickej chémie FCHPT STU navrhla v neddvnej dobe schému
syntézy a spOsob separacie, ktoré moézu viest k priprave novych heterocyklickych
derivatov metylén-2-perfludrfenylhydrazinu. V tejto stuvislosti sa pripravila aj séria
heterocyklickych derivatov tiofénu s terminovanym metylén-2-perfluérfenylhydrazinom,
ktorych zakladna fyzikalnochemicka charakterizacia bola prezentovand v bakalarskej
praci ,Syntetické vyuzitie pentafluérfenylhydrazinu na pripravu novych heterocyklov
vykazujucich opto-elektronické vlastnosti a biologickti aktivitu”. Tato pracu napisal
a obhdjil vroku 2014 Bc. DuSan Bortniak na FCHPT STU v Bratislave. Na zaklade
jednoduchych chemickych tvah bol v spominanej bakalarskej praci formulovany
predpoklad, Ze tieto nové derivaty metylén-2-perfluérfenylhydrazinu by mohli vytvarat
vrstvy s elektrickou polovodivostou typu n.

Predkladana praca nadvdzuje na zavery Bc. Bortnaka!. Hlavnym cielom
diskutovanej problematiky je teoreticky podporit alebo vyvratit predpoklad, ¢ by
derivaty metylén-2-perfluérfenylhydrazinu mohli byt potencidlne vyuzitelné pri
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konstrukcii elektrickych polovodicovych vrstiev typu n. Ako metéda vyskumu sa vyuziji
metddy kvantovej chémie. Na vysledkoch vypoctov je mozné posudit, ktora kombinacia
heteroarylu s metylén-2-perfluérfenylhydrazinom by vzhladom na energie hrani¢nych
orbitalov, ionizacné energie a elektrénové afinity bola optimalna vzhladom na dany typ
elektrického polovodica.

2 Experimentalna cast

Vyskum, na ktory je zamerana uvedena praca sa teoreticky sustreduje na
predpoklad praktického pouzitia réznych heterocyklickych derivatov terminovanych
metylén-2-perfluérfenylhydrazinom (obr. 1) ako aktivnych elektrickych polovodic¢ovych
vrstiev typu n. Konkrétne ide o stadium 18 derivatov metylén-2-perfluérfenylhydrazinu,
kde je 2-metylénhydrazinovy mostik terminovany péatclankovym alebo Sestclankovym
aromatickym kruhom, ktory moZe obsahovat jeden alebo dva heteroatémy. Z uvedenych
substituentov sme vybrali pre dalSie teoretické vypocty len heteroaromaty s jednym

heteroatomom.
F
F F
N R N R
" N N
F H H H
(@ (b)

Obrazok 1: Struktirne vzorce Studovanych flusrovanych a nefludrovanych derivatov
metylén-2-fenylhydrazinu

Pomocou Standardnych kvantovochemickych vypoctov vybranych aromatickych
derivatov metylén-2-perfludrfenylhydrazinu sa buda diskutovat optimalne geometrie
izolovanych molekul a analyzuji sa hodnoty energii hrani¢nych orbitalov HOMO
(najvyssie obsadeny) a LUMO (najnizsie neobsadeny), elektronové afinity a ionizacné
potencialy. Aby bolo mozné spravnym spdsobom vyhodnotit najdené teoretické trendy,
bude potrebné preskiimat aj nefluérované zltceniny metylén-2-fenylhydrazinu (obr. 1).
Tymto chceme overit predpoklad, ¢i pritomnost fluéru ako silného akceptora elektrénov
na aromatickom jadre dokaze efektivne zabezpecit vyrazné zniZenie energie LUMO. Kvoli
referenénym ucelom budu v praci prezentované teoretické vysledky vypoctov aj pre
tertiofén (Ths) a molekulu fulerénu Ce. Oligoméry tiofénu sa v sucasnosti intenzivne
vyuzivaju ako elektrické polovodice typu p. Na druhej strane, molekula fulerénu Ceo
predstavuje priklad na molekulu vyuzivani pri tvorbe organickych polovodic¢ovych
vrstiev typu n.

Ziskané teoretické idaje budu prezentované formou grafickych zavislosti a tabuliek.
Konec¢nym cielom tejto analyzy by mal byt aj navrh, ktoré chemické modifikacie derivatov
metylén-2-perfludrfenylhydrazinu by mohli predurcit organickii molekulu pre tvorbu
polovodicovej vrstvy typu n.

Vsetky kvantovochemické vypocty optimalnych geometrii a energetickych veli¢in
vybranych skupin molekil v neutralnom a elektricky nabitom stave boli uskutocnené
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metddou elektrénovej hustoty (DFT). Pri DFT metdde sa vyuzil funkcional B3LYP2. Ako
baza atémovych orbitalov boli pouzité Gaussove funkcie 6-311++G**3. Vypocty boli
uskutocnené programovym balikom Gaussian 094 Vysledné geometrie molekul, ako aj
vybrané molekulové orbitaly, boli zobrazované programom ArgusLab a Molekel.

2.1 Optimalne geometrie

Pri vyhodnocovani optimalnych B3LYP geometrii Studovanych modelovych
molektl sme sa zamerali iba na vybrané dihedralne uhly, ktoré jednoznacne
charakterizujui priestorové usporiadanie metylén-2-fenylhydrazinového fragmentu. Tieto
uhly a ich oznacenia st uvedené na obrazku 2. V tabulke 1 st sumarizované hodnoty
dihedralnych uhlov pre derivaty s jednym heteroatémom vzhladom na pritomnost
anepritomnost elektrénovych akceptornych fluérov. Vzajomné porovnanie zistenych
udajov naznacuje, ze nefludrované zliceniny v neutrdlnom, ako i v elektricky nabitych
stavoch maji planarne geometrie. Na druhej strane, pritomnost fluérov deformuje
metylén-2-perfludrfenylhydrazinovy fragment. Najma uhol 61, vykazuje hodnoty 13 az
30° pre elektricky neutralne stavy. Najvyssie vykrivenie od roviny ma fluérovany derivat
s tiofénovym substituentom. VSetky elektricky nabité stavy vykazuji planarne struktary.

F F

Obrazok 2: Dihedradlne uhly a notdacia vybranych vizieb Studovanych molekiil

Tabulka 1: Vybrané hodnoty B3LYP/6-311++G** dihedrdlnych uhlov pre substituenty s jednym
heteroatomom pre elektricky neutrdlny stav (N)

6, 6, 6; 6, 6, 0;
FuH N 0 180 0 FuF N 27 167 -1
TioH N 0 180 0 TioF N 30 168 -1
PyH N 0 180 0 PyF N 29 167 -2
PdH N 0 180 0 PdF N 22 171 -1

Pritomnost rdznych aromatickych fragmentov na konci 2-metylénhydrazinového
mostika ma priamy dopad aj na samotné dizky vizieb. Aby bolo mozné hovorit
o pravdepodobnej konjugdcii elektrénov cez mostik, musi byt zabezpecena urcita
alternécia dizok vazieb mostika. Selektované dizky vizieb I az IV centrdlneho mostika
z obrazku 2 st uvedené v tabulke 2. KedZe konjugaciu by malo zabezpecovat striedanie
kratkych a dlhych vézieb, z tabulky je zrejmé, Ze konjugacia v tychto molekulach nie je
dostatocne zaistena. Mozno teda usudif, Ze tento mostik nie je schopny zabezpecit
konjugdciu elektrénov medzi okrajovymi chromoférmi. Ma teda izola¢ny charakter.
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Tabul'ka 2: Hodnoty vybranyjch diZok viizieb

A WA A IVIA VA WA A IVIA

FuH 1,391 1,339 1,284 1,438 FuF 1,385 1,357 1,281 1,438
PyH 1,387 1,347 1,286 1,437 PyF 1,384 1,367 1,283 1,436
TioH 1,391 1,339 1,284 1,440 TioF 1,386 1,359 1,281 1,440
PdH 1,392 1,335 1,283 1,460 PdF 1,384 1,351 1,279 1,463

2.2 Analyza hrani¢nych orbitalov a elektronova struktara

Dal$ia indicia, ktord umozni posudit spravnost testovaného tvrdenia, moze
vyplyntt z porovnania energii hrani¢nych molekulovych orbitalov. Toto umoznuje
kvalitativnejsie posudit, ¢i by samotna elektrénova struktira molekuly mohla podporit
elektrickii vodivost typu p alebo n. Energie vybranych hrani¢nych molekulovych
orbitalov HOMO a LUMO studovanych fludrovanych a nefluérovanych molekal st
ilustrované na obrazku 3.

-
H
F F F N
Mg L/
CH
'ThFFN : 4,17_@ L
2+ 3 (exp) 4,23 Ll 4,00 J4 16—
> 3,06
o3
=
=
g 1 CGO(exp)
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Obrizok 3: Hodnoty B3LYP/6-311++G** energii hranicnyjch orbitdlov HOMO
a LUMO $tudovanyjch molekiil. Energetické rozdiely sii uvedené aj Ciselne v eV.

Kvoli porovnaniu st v uvedenych obrazkoch uvedené aj hodnoty pre modelovy
tiofénovy oligomér tertiofén (Ths) a molekulu Ce. Ako uz bolo naznacené, prvy typ
molekuly poskytuje elektricki vodivost typu p, zatial ¢o druhd molekula je
predstavitelom organického polovodica typu n. Vplyv struktry na hodnoty orbitalnych
energii je evidentny.

Z pohladu elektrickej vodivosti typu n, energia LUMO by mala nadobtdat hodnoty
mensie ako —3,00 eV. V pripade molekuly Ceo sme ziskali teoretickti hodnotu —4,50 eV, ¢o
je v sulade s doteraz publikovanymi experimentalnymi a teoretickymi tidajmi’. Pre
porovnanie mozno uviest, ze teoretickd hodnota energie orbitdlu LUMO pre molekulu
tertiofénu Ths je 2,18 eV.
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Z uvedenych udajov vyplyva, Ze hodnoty energetickych medzier vybranej skupiny
Studovanych derivatov metylén-2-perfluér-fenylhydrazinu sa prili§ nepriblizuji
k hodnotam elektrického polovodica typu n, ale viac k elektrickej vodivosti typu p.

Na obrazku 4 st ilustrované tvary orbitalov HOMO a LUMO studovanej zlGc¢eniny s
terminovanym pyrolom na koncovej casti mostika. Pre zabezpeclenie konjugacie
centralneho 2-metylénhydrazinového mostika musia byt laloky hrani¢nych orbitalov
navzajom rovnobezné a striedat znamienko. Z ilustrovanych schém hranic¢nych orbitalov
vyplyva, Ze v 2-metylénhydrazinovom mostiku je prerusena konjugacia, pretoze laloky
orbitélov sice striedaji znamienko, ale nie st navzdjom rovnobeiné, teda nespiiaji
podmienky konjugacie. Zrejmy je aj vplyv fludrov substituovanych na fenylovej casti
molekuly s pyrolovym fragmentom. Celkové tvary orbitalov  HOMO a LUMO
delokalizovanych nad fenylom a mostikom st viac-menej rovnaké. V pripade
fluérovanych skeletov sa prejavuje mierna modifikacia tvaru nad fenylom. Atémy fluéru
posobia elektronovo akceptorne vzhladom na uhlikovy skelet fenylu. Tvary zobrazenych
hrani¢nych orbitalov sa vyrazne menia nad druhym aromatickym kruhom.

HOMO LUMO

Obrizok 4: Tvary B3LYP/6-311++G** hranicnyjch orbitilov HOMO a LUMO pre molekulu
s pyrolovym fragmentom a fluérovanym fenylovym jadrom

2.3 Modelové diméry

Vzhladom k elektrickej polovodivosti typu p sme sa zamerali na tiofénovy fragment
terminovany perfluérfenyl-2-metylénhydrazinovou skupinou, pretozZe je najvhodnejsim
heteroaromatickym substituentom pre vznik uvedenej polovodivosti. Teoreticky vypocet
naznacil, Ze v tiofénovych oligoméroch dochadza k prepojeniam jednotlivych molekul
avzniku sendvicovej Struktury v zavislosti od poctu tiofénovych jednotiek. Priklady
uvedenych nt-dimérov su ilustrované na obrazku 5.
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Obr. 5: Sendvicovanie Struktiiry oligomérov

3 Zavery

V predlozZenej praci sme sa venovali teoretickému Stidiu modelovych derivatov
metylén-2-perfludrfenylhydrazinu a metylén-2-fenylhydrazinu. Struktira skimanych
molektl sa menila vzhladom na varirovani koncovii skupinu na volnej strane
centralneho  2-metylénhydrazinového mostika. Koncové skupiny predstavovali
patclankové a Sestclankové aromatické molekuly sjednym heteroatémom. Niektoré
z tychto molekul boli neddvno pripravené aich chemicka charakterizacia bola
prezentovana v bakalarskej praci Dusana Bortniaka'.

Uskuto¢nené kvantovochemické vypocty umoznili najst optimalne geometrie
Studovanych derivatov v elektricky neutralnom stave, ako aj pre nabité anidénové
a katiénové stavy molekul. Porovnanie ziskanych udajov ukazalo, Ze vplyv chemickej
modifikacie na jednotlivé geometrie nefluérovanej triedy Studovanych zlicenin nie je
vyznamny. Adicia fludru na fenylovej Casti vyznamne ovplyviiuje v urcitej miere
geometriu fenylhydrazinovej ¢asti neutralnych studovanych molekul.

Dalsim délezitym zistenim bola nedostatoéna konjugacia centralneho mostika, ktory
spéja fenylovi a substituovant ¢ast molekuly. Vzdjomné striedanie dizok chemickych
véazieb mostiku nie je dodrzané a ani chemicka modifikacia substituentov tato skutocnost
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vyznamne neovplyvni. Porovnanim energii hrani¢nych orbitalov a Struktary derivatov
sme zistili, Ze Studované zluceniny sa svojimi mikroskopickymi vlastnostami priblizuji
viac k elektrickej vodivosti typu p.

Aj ked studované modelové molekuly by mohli tvorit skor polovodicové vrstvy
typu p, zmena centrdlneho mostika molekuly by vedela vyraznejsie modifikovat
elektricka vodivost. Z tohto dovodu by bolo vhodné uskuto¢nit systematické porovnanie
teoretickych vypoctov roznych modifikdcii centrdlnej asti molekuly.

Dalej sme teoreticky Studovali aj tiofény aich oligoméry, ktoré sa priblizovali
k elektrickej polovodivosti typu p a teoretické vypocty naznacili sendvic¢ovanie Struktary
v zavislosti od poctu tiofénovych jednotiek.
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Energeticka analyza vyrobne Fluidny
katalyticky krak

Bc. Maros Filéik
Ing. Miroslav Variny, PhD.

Slovenski technickd univerzita v Bratislave, Fakulta chemickej a potravindrskej technoldgie, Ustav
chemického a environmentdlneho inZinierstva
Radlinského 9, 812 37 Bratislava 1, mr.filcak@gmail.com

Fluidné katalytické krakovanie predstavuje dost rozsireny energeticky naro¢ny pro-
ces, spractivajuci vakuové olejové destilaty s cielom ich konverzie na Siroké spektrum pro-
duktov. V praci st pouzité prevadzkové udaje redlnej vyrobne za niekolko rokov, ktoré
boli podrobené selekcii, dosadeniu do vzorovych vypoctov a automatizacii tychto vzor-
ovych vypoctov. Cielom préce je zanalyzovat ndklady na koks a paru a pokusit sa navrhnut
kroky na ich zniZenie. Na tivod som sa zaoberal odhadom vytazku koksu, ktory nie je pri-
amo meratelny. Preto musi byt dopocitavany bilancie spalovania a analyzy zloZenia spalin
z regeneratora katalyzatora. Experimentdlna cast kladie doraz na premenlivost zloZenia
koksu podla spotreby stripovacej pary, ktora desorbuje tazké olejové zltceniny z povrchu
Castic katalyzatora. Preto sa jej deficit moZe prejavit vo zvysenej tvorbe koksu. Principial-
ny vysledok prace je stanovit obsah oleja v kokse a vyhodnotit finan¢ny efekt nizsej nez
projektovanej spotreby stripovacej pary v kontraste s tym vyvolanym narastom obsahu
oleja v kokse. Dalgie zévery vyplyvaju z overenia parnej bilancie 3,5 MPa pary porovnanim
vypocitanych spotrieb pary do 3 turbin s meranymi prietokmi kondenzatov pary. V zavere
prace som sa venoval navrhu dvoch vymennikov tepla na ohrev napéjacej vody vratane
navrhu regulacnej slucky.

Autor nedodal sviij prispévek do uzdvérky sborniku.
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Stanoveni dvoufotonovych absorpcnich
prurezii Rhodaminu B a 6G

Silvie Hrbkova
Martin Vala, Jan Koutny
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Fakulta chemickd, UFSCH, Purkyiiova 118, 612 00 Brno
xchrbkova@fch.vutbr.cz

Dvoufotonova absorpce (2PA) je proces, pii kterém dochazi k soucasné absorpci dvou
foton o poloviéni energii, nez jaka je potfeba pfi klasické jednofotonové absorpci. Pro
vznik 2PA je nutny zdroj zafeni s vysokou hustotou toku fotonti, a z toho divodu se pro
2PA vyuzivaji pulsni subpikosekundové lasery. Kratky laserovy puls a delsi vinové délky
dovoluji zkoumani zivych systémil, aniz by doslo k jejich poskozeni. Dalsi pfinos spociva
v moznosti zacileni paprsku do urcitého bodu a tim k dosaZeni podstatné vyssiho prostor-
ového rozliseni.

Tyto vyhody vedou k nartstajicimu uplatnéni 2PA v oblastech nanotechnologii, fo-
todynamické terapie, fluorescencni mikroskopie, aj. V8echny aplikace 2PA zavisi na vyvoji
novych materialt s dobfe prozkoumanymi a optimalizovanymi 2PA vlastnostmi.

Zakladni vlastnosti charakterizujici vhodnost molekul pro 2PA je dvoufotonovy
absorpéni prifez, ktery vyjadiuje schopnost molekuly absorbovat soucasné dva fotony
s nizkou energii. Jednou z moznosti, jak 2PA prufez stanovit, je vyuzit fluorescence po
2PA excitaci. Pfi tomto stanoveni je zapotfebi mit dobfe definovan standard pro porovnani
s neznamou latkou. 2PA prifezy jsou u béznych organickych barviv jiz publikovany, nic-
méné jednotlivé vysledky se, s ohledem na pouZitou metodu a aparaturu, od sebe vyrazné
li8i. To znamend, Ze stale existuje potieba pro jejich pfesné stanoveni.

V praktické casti tohoto prispévku uvedeme postup a vysledky méfeni dvoufoto-
novych absorp¢nich spekter Rhodaminu B a Rhodaminu 6G pfi excitacnich vinovych
délkach 750-1120 nm za pouziti pikosekundového laseru.

Tyto vysledky budou vyuzity jako referencni standardy pro méfeni dalsich latek.

Klicova slova: dvoufotonova absorpce, Rhodamin B, Rhodamin 6G, dvoufotonovy
absorpcni prufez

Autor nedodal sviij prispévek do uzdvérky sborniku.
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Hybridné solarne clanky na plastovej PET
podlozke

Be. Matej Hvojnik
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1 Uvod

Moderna spolocnost stale celi rasticim obavam ohladom klimatickych zmien
spdsobenych spalovanim fosilnych paliv. Z dostupnych obnoviteInych a ¢istych zdrojov
energie, je slnecna energia najdostupnejsia a trvald. V skutocnosti pokrytie plochy mensej
ako 0,4 % svetovej plochy by malo postacovat pre zabezpecenie svetovej energetickej
spotreby, za predpokladu 15% tucinnosti premeny solarnej energie. Nie je preto
prekvapenim, Ze nedavno nastal prudky rozvoj fotovoltickych technolégii. Fotovoltické
zariadenia na baze krystalickych, anorganickych polovodicov dosiahli impozantny vykon
premeny slnecnej energie s ti¢cinnostou viac ako 28% pod priamym slne¢nym Ziarenim.
Avsak tato trieda fotovoltiky trpi vysokymi vyrobnymi nakladmi a nakladmi na material,
¢o ma za nasledok dlhodobti néavratnost financii. To viedlo k vyvoju lacnejsich
a vykonnejsich solarnych ¢lankov a vyrobnych metdd ako je tlacenie z , kotuca na kotac”
(roll to roll). Farbivom citlivy solarny ¢lanok (DSSC) bol dlhodobym kandidatom, ktory
spifial tieto poZiadavky. Pre tuho-fizové (ssDSSC) sa predpokladalo, Ze je mozné
dosiahnut ucinnost do 20 %, pricom sa na vyrobu clanku pouziji lacné plastové
materidly, spracované pri teplotach nizsich ako 150 °C a metddami roll to roll. Avsak aj
cez pocetné zlepSenie elektrén transportujicej anddy, pohlcovania svetla a materialov
transportujucich dieru (HTM) ssDSSC clanok zatial nenaplnil svoj potencial a dosiahol
najlepsiu tc¢innost premeny energie na rovni 7 %. Len nedavno, novy tip tuho-fazového
hybridného solarneho ¢lanku s organicko-anorganickym absorbérom perovskitového
typu (CHsNHsPbls) dosiahol vyrazné zvySenie konverzie energie s ti¢innostou na tirovern
cca 17 %', ¢o vrha nové svetlo na sucasny vyvoj tuhofazovych solarnych ¢lankov véitane
nahrady Ru-senzibilizatorov a otvara moznosti novej generacie zariadeni.
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2 Ciel prace

Cielom prace bolo pripravit modelové DSSC clanky nizkoteplotnym procesom na
plastovej podlozke vcitane zapuzdrenia a pokusit sa pripravit tuhofazovy hybridny
solarny clanok s perspektivou vyuzitia tlacovych technik.

Mikroskopicky a spektroskopicky zhodnotit pripravené vrstvy, zmerat zatazové I-V
charakteristiky solarneho c¢lanku astanovit Gcinnost premeny slnecnej energie na
elektricku.

3 Vysledky a diskusia

3.1 Klasicky systém DSSC na sklenej podlozke

V prvom kroku sme pre porovnanie zhotovili klasicky systém DSSC na sklenej
podlozke - nizkoteplotnym procesom:

sklo /FTO /mp-TiO2 /N719 /lodolyt /Pt /ETO /sklo

pricom mp-TiO:z bola termicky vytvrdzovana 1 hodinu iba pri 120 °C, rovnako ako
fotoan6dy na plastovych podlozkach. Klasické systémy s jodovym elektrolytom
nevyzaduju nevyhnutne bloka¢nit kompaktnt vrstvu TiOz, pretoZe vymena naboja medzi
I/I> je slaba ateda nedochddza kvnutornému skratu cez poruchy (diery)
v mezoporéznom TiOz.

3.2 DSSC na plastovej podlozke so sklenou protielektrédou

Nasledne sme pripravovali najprv fotoanddu aneskor aj protielektrodu na
plastovych podlozkach (ITO/PET). Na Obr. 1 modzeme porovnat DSSC systémy
s plastovou a sklenou fotoanddou (pri stale sklenej protielektrdde).

Fotoandda: - - =FTO/sklo 7 Qisq
B _ ——ITO/PET 14 cUsq
n=17% TTeel L ~-=- ITO/PET 100 QUsq
& AR N
g 3 N
<
E
& 24
-
14
0

U [V]

Obr. 1: I-V zdtazové krivky DSSC pre rozne vodivé (2 plastové a 1 sklend) podlozky
fotoanddy (pri sklenej Pt/FTO protielektrode vo vsetkych pripadoch)
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Pre plastové fotoanddy nastal znacny pokles fotoprudov, ¢o suvisi s vySsimi
sériovymi odpormi podloziek, ale zrejme aj s ohybnostou — flexibilnostou substratov
a tym zhorsenou adhéziou a tiez iinikom elektrolytu.

Pri substrate s vyssim odporom (100 €)/sq.) vidime i zmenu (zhorSenie) tvaru —
vyrazné znizenie fill faktora (FF), ¢o jednoznacne suvisi s vyssim odporom ITO vrstvy
a tym i zvySenim kontakinych odporov.

3.3 Plne plastové DSSC so zapuzdrenim

V dalsom kroku sme nahradili sklentt Pt/FTO protielektrodu za uhlikovli na
plastovom podklade: C/ITO/PET, kvoli moznosti tiplného zapuzdrenia do puzdriacej folie
a tak zamedzeniu uiniku elektrolytu:

PET /ITO /SG-BL /mp-TiO2 /N719 /Iodolyt /C /ITO /PET

Zmesna uhlikova (C) protielektroda bola pripravena ovrstvenim nozom z pasty
(PEDOT:PSS s funkcionalizovanymi CNT). Zamerne sme zaviedli aj blokac¢nti, kompakint
BL TiO2 (SG-BL) vrstvu, ktora nie je nevyhnutna pre iodolytové systémy, ale je kltucova
pre tuho-fazové ssDSSC (resp. pre PSC), kde zamedzuje skratu cez tuhtt HTM vrstvu.

1,5 -
——bez BL
——TiAcAc
o 124 —— Ti(BuO),
£
S
<
E 09
_E
0,6 4
0,34
0+ 7T—"T— T
0 100 200 300 400 500 600 700
U [mv]

Obr. 2: I-V zdtazové krivky plne plastovych DSSC s dvomi typmi blokacnej vrstoy
(TiAcAc a Ti(BuO)4) a bez nej (bez BL)

Ako vidno z Obr. 2, po aplikovani blokacnej vrstvy doslo proti ocakavaniu,
k vyraznému poklesu fotopriadov a teda i poklesu tcinnosti solarneho clanku. Tento
nepriaznivy pokles mozno vysvetlit vysokym odporom sdl-gél blokacnych vrstiev, ktoré
boli termicky spracované iba pri 120 °C (kvoli plastovej podlozke).
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3.4 Priprava PSC na PET podlozke
V dalsom kroku sme pripravili aj perovskitové solarne ¢lanky (PSC), so Strukturou:
PET /ITO /SG-BL /mp-TiO: /perovskit /Ag

kde podlozna fotoandda bola pripravena analogicky ako v DSSC systémoch. PSC
vsak boli ako fotoclanky netispesné, pretoze nevykazovali Ziaden fotoprud (iba na tirovni
tmavého pradu). Tento neuspech prvych pokusov PSC na plastovej podlozke mozno
vysvetlit bud nedokonalou pripravou perovskitovej vrstvy (dierami vo vrstve, ktoré su
miestami skratu po napareni Ag), alebo vysokym odporom SG vrstvy ( ako sme zistili
vyssie pri plastovych DSSC), ktora neplni funkciu polovodica typu n (n-TiOz).

Preto sme sa zamerali na kontrolu vlastnosti blokac¢nej vrstvy, teda SG-TiOx vrstvy,
ale i podloznej vrstvy.

3.5 Homogenita, morfolégia a drsnost podloznych ITO vrstiev

Povrch ITO vrstvy na PET nie je bez portch, pricom vodivejsie vrstvy st podstatne
viac poruchové, ako mozno pozorovat z mikroskopickych snimkov na Obr. 3 az 6.

Obr. 3: ITO (100 Q/sq) 2,5x2mm?  Obr. 4: ITO (100 Q/sq.) 0,65 x 0,5 mm?

Obr. 5: ITO (14 Q/sq.) 2,5x2mm?  Obr. 6: ITO (14 Q/sq.) 0,65 x 0,5 mm?
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3.6 Kompaktnost SG vrstiev

Podla optického mikroskopu (Obr. 7) sa zda, ze SG vrstvy su kompakiné,
rovnomerné, bez prasklin a nezvysujui pocet portch, ktoré st v podloznej ITO vrstve .

a) ITO (18 Q/sq.) 0,65 x 0,5 mm2  b) SG (TiAcAc) 0,65 x 0,5 mm?
Obr. 7: Mikroskopické snimky ITO (18 Q/sq.) povrchu (a) a SG vrstvy (b) na rovnakej
ITO PET fslii

Kompaktnost SG sme overovali aj pomocou AFM sondovej mikroskopie, pricom
sme skenovali plosky mimo portch viditeInych optickym mikroskopom. Ako vidno na
Obr. 8, SG vrstva je kompaktna, dokonca s nizSou drsnostou a jemnejsou strukturou.

10.4 nm
[52 nm
0nm
Tum

b)
Obr. 8: AFM topografia podlozky ITO (a) a s6l-gél vrstvy Ti(BuO)a (b) na ITO/PET (100Q/sq.)
v rovnakej skdle 1pum x 1um x 10 nm

3.7 Spektralne meranie vrstiev

Z absorpénych UV-Vis. spektier mozno usudit, ze ITO vrstvy st cire so slabou
interferenciou, najmé vrstvy 14 Q/sq. a 18 Q/sq. . Prudky nérast pri 320 nm sposobuje
hlavne hruba podlozna PET vrstva Obr. 9.

Zvysenu absorpciu pod 350 nm z dévodu tenkej SG vrstvy mozno pozorovat na
Obr. 10, o je v zhode s ocakavanim.
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Obr. 10: UV spektrd ITO/PET (100Q/sq.) s SG vrstvou Ti(BuO)s a TiAcAc

Na ATR IR spektrach systému SG/ITO/PET nenachddzame vyrazné absorpcné pasy,
ktoré by zodpovedali SG vrstve, ¢o suvisi s tym, ze Ti-O vibracia je az pod hranicou
600 cm-l. Absorpéné pasy PET nie st viditelné, pretoze hibka prieniku IR laéa pri Ge
krystali je zrejme mensia ako hrtibka 14 ohmovej ITO vrstvy.

Absorpcia perovskitu je spojita v celej oblasti spektra apripomina absorpciu
uhlikovych materidlov (nérast absorbancie s rastom vlnovej dizky v celom spektre), o
suvisi s jeho elektrickou vodivostou.
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Obr. 11: FTIR spektrd SG vrstiev a perovskitu na ITO (100 Q/sq.)

4 Zaver

* Na plastovej podlozke boli pripravené modelové solarne ¢lanky typu DSSC
aPSC.

= Pre porovnanie boli pripravené aj klasické DSSC clanky na sklenej podlozke,
resp. plastové s protielektrédou na skle.

= Udinnost ¢lankov DSSC na plastovej podlozke bola vzdy niZia ako na sklenej
podlozke.

=  Blokacna sdl-gél vrstva spracovana pri 120 °C vyrazne znizovala ucinnost
clankov DSSC zrejme kvoli jej vysokému odporu.

*  Modelovy PSC na plastovej podlozke nevykazoval Ziadnu fotoaktivitu zrejme
kvoli blokacnej vrstve s vysokym odporom.

= Podlozne vrstvy ITO sa lisia nielen hrubkou a vodivostou, ale aj pocetnymi
vnutornymi poruchami.

= Blokatné SG vrstvy su bez vacsich portich anezvySuju pocet portach
v podloznej ITO vrstve.
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1 Uvod

Sucasné technoldgie spracovania lignocelulézovych surovin na vlaknity material
spotrebuvaju velké mnozstva energii, ¢i uz vodnej alebo tepelnej a produkujii znacné
mnozstva skodlivych kvapalnych a plynnych emisii, ktoré znacnou mierou poskodzuji
zivotné prostredie. V roku 2012 spustila CEPI projekt pod ndzvom Two Team Project.
Jeho tlohou bolo najst nové technologie pre celul6zo- papierensky priemysel, ktoré by
znizili $kodlivy vplyv na Zivotné prostredie. Dva timy vybrali osem technologickych
postupov, ktoré by dané nedostatky riesili. Ako najdodlezitejSia sa hodnotila problematika
pouzitia hlbokych eutektickych zmesi (dalej DES- Deep Eutectic Solvents). DES boli
prvykrat popisané v roku 2003. Predstavuju novu triedu iénovych kvapalin. Najvacsou
odlisnostou od iénovych kvapalin je spdsob vazby v zmesiach. Pre idnové kvapaliny je
typicky vznik iénovej viazby medzi iéonom s delokalizovanym nabojom a velkym
organickym katiénom, ktory zapricinuje kvapalnost zmesi aj pri nizkych teplotach. Pre
DES je zas typicky vznik vodikovej vazby medzi donorom a akceptorom vodikovej vdzby.
Vyhodou pouzitia DES je ich lahka priprava zmieSanim dvoch prekurzorov v tuhom
stave a nasledné rozpustenie pri zvy3enej teplote. DalSou z vyhod je ich nizka toxicita a
biodegradovatelnost kedZe prekurzory tychto st latky prirodnej povahy. DES boli
doteraz aplikované v oblasti elektrorozpustania, ako disperzné prostredie pre pripravu
nanocastic, syntézne médium pri organickych syntézach, ale aj ako katalyzatory.
Vyhodou pouzitia DES ako delignifika¢ného cinidla je jeho selektivne rozpustanie ligninu,
zatial o celuldza je v DES absoliitne nerozpustna. Proces delignifikacie prebieha pri
nizsich teplotach ako pri sucasnych technologidch, ¢o ma za nasledok vyssiu kvalitu
ziskanych vlakien z dovodu nizsej termickej degradacie.
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2 Experimentalna cast

Na zaklade vypracovanej resers bolo zvolenych na pripravu osem zmesi, vSetky
s obsahom cholin chloridu. DES boli pripravované pomocou rotacnej vakuovej odparky
z dévodu zabranenia pristupu vzdusnej vlhkosti. Teploty pripravy zmesi boli vybrané na
zaklade dostupnej literatiry apodla termickej stability vychodiskovych latok.
Pozadované teploty boli zabezpecené pomocou vodného kupela. Po priprave vybranych
zmesi boli stanovené zakladné fyzikalne vlastnosti — hustota, viskozita a index lomu.
Index lomu bol merany pomocou analégového Abbeho refraktometra.

Tabulka 1: Hodnoty indexu lomu pripravenych DES pri teplote 25°C

Zmes Molarny pomer nd(25 £1°C)
ChCl: kyselina mliecna 1:1 1,4810
ChCl: kyselina mliecna 1:9 1,4432
ChCl: kyselina mliecna 1:10 1,4426
ChCl: kyselina glykolova 1:3 1,4709
ChCl: kyselina stavelova 1:1 1,4662
ChCl: mocovina 1:2 1,5120
ChCl: glycerol 1:2 1,4781
ChCl: kyselina citronova 1:1 1,4968

Hodnoty indexu lomu ndm posliizia na stanovenie ¢istoty pripravenych zmesi.
Hustota bola stanovena pyknometricky, pri piatich rdznych teplotach: 24°C, 35°C,
45°C, 60°C, 75°C.
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Graf 1: Teplotnd zdvislost hustoty pripravenych DES
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Vsetky zmesi vykazovali hustotu vyssiu ako voda. Najvyssia hustota bola stanovena
pre zmes cholin chlorid: kyselina citrénova v molarnom pomere 1:1. Najnizs$ia hustota
bola stanovena pre zmes cholin chlorid: kyselina mlie¢na (1:1). Hustota pri tejto zmesi
klesa s narastajiicim obsahom cholin chloridu.

Viskozita bola stanovena pomocou Ubbelohdeho viskozimetra pri teplote 60 °C.

Tabulka 2: Hodnoty kinematickej a dynamickej viskozity DES pri teplote 60°C

DES Molarny v n
pomer [mm?2s!] [mPa.s]

ChCl: kys. mlie¢na 1:1 56,44 65,49
ChCl: kys. mlie¢na 1:9 11,70 13,94
ChCl: kys. mlie¢na 1:10 11,49 13,90
ChCl: kys. glykolova 1:3 31,54 39,47
ChCl: kys. stavelova 1:1 27,96 35,09
ChCl: mocovina 1:2 76,32 88,55
ChCl: glycerol 1:2 18,18 21,43

Pripravené zmesi vykazuju relativne vysoku viskozitu v porovnani s viskozitou
vody. Najnizsiu viskozitu mala zmes cholin chlorid: kyselina mlie¢na (1:10). Viskozita
tejto zmesi klesa so zniZujucim sa obsahom cholin chloridu. Pre viskozitu pozorujeme
opacny trend ako pri hustote tejto zmesi.

Zmes cholin chlorid: kyselina mliecna (1:10) bola pouZzitd na delignifikaciu. Ako
surovina bola pouzitd slama. Pracovali sme pri teplote 75 °C. Vyhrievanie bolo
zabezpecené pomocou olejového kipela smechanickym mieSanim cely so zmesou
suroviny a DES. Pracovali sme pri dvoch hydromoduloch deliginifikacie: 1:15 a 1:33.

Y :f(t) ® hydromodul 1:15

® hydromodul 1:33

100 o

95 4

90 4

Y (%)

85 4

80 [ ]

75 T T T T T

t(h)

Graf 2:Zdvislost vytazku od casu delignifikdcie pre dva rézne hydromodoly
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Z grafu 2 mozeme pozorovat, Ze zvySenie hydromodulu malo pozitivny vplyv na
mnozstvo odstraneného ligninu. Po ¢ase 7 hodin bol vytazok pri hydromoduli 1:15 86,3 %
a pri hydromoduli 1:33 bol vytazok 79,1 %, ¢o sveddi o zvySeni mnozstva odstraneného
ligninu. Pri dlh§om case delignifikacie vy$si hydromodul nemal vyrazny vplyv na
mnozstvo odstraneného ligninu.

3 Zaver

Z vykonanej reSerSe sa vytypovali vhodné zmesi DES, ktoré by bolo vhodné pouzit
pre delignifikaciu lignocelulézovych surovin. Pripravili sme zmesi cholin chloridu
s kyselinou mlie¢nou, glykolovou, Stavelovou, citronovou, DL- jablénou a mocovinou.
Urdili sme hustoty a viskozity pripravenych zmesi pri teplote 60 °C. Ako najvyhodnejsia
sa zdd byt zmes cholin chloridu a kyseliny mliecnej v pomere 10:1. Vzhladom na cenu
chemikalii vSak bude nutné vykonat optimalizaciu technologickych podmienok pouzitia
sledovanych zmesi.

Véadsina zmesi ma pomerne vysoku viskozitu, ¢o nepriaznivo vplyva na rychlost
impregnacie pred delignifikaciou. Kedze viskozita klesa s narastajicou teplotou,
impregnaciu budeme musiet vykondvat pri zvysenej teplote. Zvysenie tlaku bude taktiez
pozitivne vplyvat na rychlost impregnacie DES.

Navrhované zmeny nam skratia ¢as impregnacie, ale budt mat negativny vplyv na
ekonomické podmienky spracovania biomasy.
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Tato studie se soustfedi na moznosti ovlivnéni doby tuhnuti alkalicky aktivovanych
systému na bazi vysokopecni strusky. Cilem prace bylo najit takovy retardér tuhnuti, ktery
nejvice prodlouzi dobu tuhnuti a zaroven negativné neovlivni mechanické vlastnosti alka-
licky aktivovaného materidlu.

V experimentalni ¢asti byly nejdfive pfipraveny vzorky ze smési strusky, vodniho skla,
vody a pfidavku dané pfisady v rizném mnozstvi. Poté byly testovaci vzorky podrobeny
zkouskdm pevnosti v tahu za ohybu a pevnosti v tlaku. Dale byla u téchto smési zjiSté-
na doba tuhnuti pomoci Vicatova pfistroje. Kviili sledovani prabéhu tuhnuti byly smési
méfeny kalorimetricky a pro blizsi pohled na strukturu povrchu vzorku a rozmisténi re-
tardéru tuhnuti v ném, byly smési pozorovany na skenovacim elektronovém mikroskopu.

Autor nedodal sviij prispévek do uzdvérky sborniku.
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Tato prace se zabyva studiem vlivu plastifikator(i a superplasifikatorti na alkalicky
aktivovanou vysokopecni strusku. Tyto komeréné dostupné piisady byly davkovany
v rtizném procentuelnim zastoupeni. Cilem této prace je nalézt vhodny plastifikator nebo
superplastifikator, ktery by zlepsil jak zpracovatelnost, tak mechanické vlastnosti alkalicky
aktivované strusky. Dale byl posouzen vliv téchto pfisad na pevnost v tlaku a pevnost
v tahu za ohybu alkalicky aktivované strusky. Na zavér se pomoci infracervené spektrom-
etrie studuje chovani plastifikacnich pfisad v alkalickém prostiedi.

Autor nedodal sviij prispévek do uzdvérky sborniku.
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Tato prace je zaméfena na studium tepelnych vlastnosti sacharézy. Jednd se o tepel-
nou kapacitu, tepelnou vodivost a tepelnou difuzivitu. Tepelné vlastnosti materiali souvisi
s fdzovymi pfeménami, které se daji vyuzit v praxi. Pro aplikaci je nejprve vSak zapotiebi
zkoumat a urcit tepelné vlastnosti zavisejici na fazovych preménach v pribéhu zahtivani
a ochlazovani.

Metody, které se vyuzivaji ke studiu vlastnosti tepelnych materialii, jsou metody
tranzientni. Ty podavaji veskeré informace o materialech, které jsou zkoumany prostied-
nictvim jejich zavislosti na teploté. Pfi méfeni byly pouzity pulzni a skokové tranzientni
metody. Jejich princip spociva v tom, Ze je vytvofeno uvnitf studovaného materialu velice
malé mnozstvi tepla. A naslednym méfenim odezvy tohoto tepla miizeme stanovit dané
termofyzikalni parametry.

V experimentalni ¢asti je popsan priibéh vsech experimentti a rovnéz jsou diskutovany
vysledky a zptisob vyhodnoceni experimentu.

Klic¢ova slova: Tepelné parametry, tranzientni metody, sacharéza

Autor nedodal sviij prispévek do uzdvérky sborniku.
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1 Uvod

V modernich technologiich se uplatriuji tenké vrstvy v Siroké oblasti, a to nejen
v disledku zlepSeni vlastnosti a miniaturizace, ale predevsim vSak pfi povrchovych
Gpravach ve strojirenstvi a energetice, prumyslu a odvétvich mikroelektroniky,
polovodi¢ti, optiky, také nachdzi vyuziti pfi vyrobé senzort, ukladani dat a MEMS
zafizeni 123,

Stale se rozvijejici metoda plazmochemické depozice z plynné faze (PE CVD) na bazi
organokfemicitantil je jednou z mnoha metod slouzicich pro pfipravu tenkych vrstev.
Mezi vyhody pripravy plazmovych polymert touto metodou patfi reprodukovatelnost
a moznost nadeponovani vrstev s rozdilnymi vlastnostmi jiz pouhou zménou depozi¢nich
podminek, mezi které patfi zména vykonu, tlakii nebo priitokit monomeru ¢ dalsich
plynti. Mezi vlastnosti téchto vrstev patfi napfiklad jejich nerozpustnost, tepelna odolnost,
vyborna adheze k substratu a mnohdy i chemickd odolnost viici kyselindm a zasadam 4.

Kompozity patii mezi pokrocilé materidly tvofené z matrice a vyztuze, kterou byvajt
zpravidla vlakna nebo ¢astice. Pravé sklenénd vldkna jsou nejcastéji pouzivanou vyztuzi.
ucinného prenosu napéti z matrice do vlakna, pouziva se modifikace povrchu sklenénych
vldken pomoci depozice tenké vrstvy organokfemicitantt metodou PE CVD. Vyhodou
tenké vrstvy plazmového polymeru organokiemicitanti je vznik vazeb, kdy tyto vazby
jsou schopny se vazat jak na sklenéna vlakna, tak na polymerni matrici, a tim zvysit
adhezi.

V experimentdlni casti je podan bliz§i popis pfipravy a technik charakterizace
tenkych vrstev plazmovych polymerti z ¢istého monomeru tetravinylsilanu a dvou smési
tetravinylsilanu s kyslikem nebo argonem na plos$né substraty v depozicni aparatute.

Cilem prace bylo stanovit miru adheze takto pfipravenych vzorkii, a to pomoci
vrypové zkousky. Na zakladé takto ziskanych dat posoudit reprodukovatelnost vysledki
sohledem na distotu substratii, depozi¢ni podminky a starnuti vrstev. Zavérem tyto
vysledky byly korelovany s méfenimi pomoci mikroskopie atomarnich sil (AFM) za
tcelem posouzeni nejen miry adheze vrstvy k substratu, ale predevsim ke zhodnoceni
charakteru poruseni vrstev ¢i jejich delaminace.
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2 Experimentalni cast

2.1 Pfiprava vzorki a depozic¢ni systém

Kfemikovy wafer byl pouzit jako substrat, jedna se o wafer typu P s prostorovou
orientaci (1 0 0), jehoz prameér je 150 + 0,2 mm a tloustka 600 um. Pomoci laseru byl tento
wafer rozfezan a poté manualné rozldman na vzorky o rozmérech 10 x 10 x 0,6 mm. Takto
nachystané vzorky byly cistény ultrazvukem v 96% ethanolu po dobu 15 minut.

Pouzitym depoziénim systémem byla vysokovakuova  aparatura, ktera je
konstruovana pro plazmochemické depozice metodou PE CVD s kapacitné vazanym
plazmatem. Hlavni casti aparatury je cylindricka reakéni komora o rozmérech 25 x 25 cm,
uvniti které jsou dvé planparalelni elektrody, ato dolni elektroda o priméru 114 mm
ahorni elektroda s primérem 135 mm, vzdalenost elektrod od sebe je 58 mm. Horni
elektroda plni funkci takzvané sprchy, kterou do reaktoru proudi plyny. Spodni oto¢na
elektroda je pracovni, privadi se na ni radiofrekven¢ni vykon od 1 az do 1000 W
o frekvenci 13,56 MHz generatorem Cesar 1310. Do pracovni elektrody se zasouvaji
drzaky (tzv.lodicky) se vzorky. Tato elektroda je uzptisobena pro simultanni depozici
Sesti vzorkd, ty se do elektrody, ktera je uprostfed reakéni komory, umistuji z oddélovaci
komory, kterd je pod vakuem, pomoci magnetického manipulatoru. K této aparatufe je
také piipojen spektroskopicky elipsometr UVISEL, ktery se pouziva pro méfeni rychlosti
rstu téchto vrstev v priibéhu depozic, nebo az jejich finalni tloustky a také pro zjistovani
optickych parametrt pfipravenych vrstev plazmovych polymert.

Nejdtilezitéjsim pozadavkem pro piipravu vrstev je vycerpani aparatury na
zékladni vakuum pomoci erpaciho systému, kdy tato hodnota tlaku je v rozmezi
1-105 — 3-10% Pa. Po umisténi vzorki upevnénych v lodickach pomoci magnetického
manipulatoru do pracovni elektrody je nejprve potfeba stanovit vlastnosti cistych
substratti pomoci spektroskopického elipsometru, za tcelem ziskani hodnoty nativni
vrstvy SiOz. Nasledné je zahajena preduprava pomoci argonového plazmatu pfi vykonu
5 W, 10 minut, pratoku argonu 10 sccm a tlaku v reakéni komote 5,7 Pa. Tato predtprava
slouzi k ocisténi substratii a castecné aktivaci povrchu Si waferu, coz vede ke snadnéjsimu
navazani fragmentti monomeru TVS pii depozici. Poté nasleduje vycerpani reakéni
komory na zékladni vakuum. Po naladéni pozadovaného priitoku monomeru a piipadné
i argonu nebo kysliku a po doladéni pfizptsobovaciho ¢lenu miize byt zapocata vlastni
plazmova polymerace zapalenim vyboje pfi pozadovaném vykonu, tlaku v reakéni
komote 2,7 Pa a danych priitocich plynii. V ramci této prace byly vzorky deponovany pti
pulznim rezimu vyboje, kdy je rozhodujici veli¢inou efektivni vykon, ten je definovan
vztahem:

Py
celkovy t, +l,

kde Pelkovy je maximalni dodany vykon, ton je doba trvani jednoho pulsu, kdy je vykon

P

ef =

dodavan, a toif doba mezi dvéma pulsy, kdy vykon neni dodavan. Doba jednoho pulsu
pouzivana pii depozicich byla 1ms. Poskonceni depozice je ponechan aparaturou
proudit argon k ustéleni jako ochranna atmosféra po dobu jedné hodiny a nasledné jsou
vzorky opét proméieny spektroskopickou elipsometrii za tucelem ziskani informaci
o optickych parametrech a pfedevsim pak tloustce vrstvy. Vzorky se nechaji do dalsiho
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dne v reakéni komore, aby nedoslo k modifikaci vrstvy pfi kontaktu reaktivnich radikal
se vzduchem, a ndsledné jsou vzorky vyndany a pfipraveny pro dalsi analyzy.

2.2 Vrypova zkouska

Vrypové zkousky byly méfeny na skenovacim sondovém mikroskopu NTEGRA
Aura od firmy NT-MDT, méfeni jako takové bylo provadéno pomoci specialni hlavy
TriboScope TS-75 od firmy Hysitron Inc., zabudovatelné pravé na tento mikroskop, ktera
slouzi pro indentacni méfeni. Taktéz stejnou hlavou bylo provedeno orienta¢ni skenovani
povrchu vzorki pfed provedenim i po provedeni vrypu. Pro nasledné detailni skenovani
byla pouZzita metoda mikroskopie atomarnich sil.

Nachystany 100 nm vzorek nalepeny na ocelové podlozce byl umistén na skener
s kapacitnimi senzory, nasledné byla na mikroskop umisténa hlava TriboScope
a provedena kalibrace pfevodniku pro pohyb v ose x a z pomoci softwaru TriboScan 8.0.
Tento program je plné zkoordinovan s ovladacim softwarem Nova SPM mikroskopu, ale
také veskerou obsluznou elektronikou. Kalibrace pfevodniku probiha ve vzduchu v kazdé
ose zvlast, v diisledku této kalibrace dojde ke zméné péti konstant ovliviiujicich méfeni.
Zatézova funkce byla zvolena s provedenim vrypu odspodu nahoru s postupnym
nartistem normalové sily od 0 mN az po maximalni nastavenou hodnotu, ktera u vSech
vrypt odpovidala 6 mN, maximalné je mozné pouzit az 10 mN. VSechny vrypy v této
praci byly provedeny v délce 10 um, poté provedeni vrypu vypada tak, Ze hrot ze své
vychozi pozice se posune 5 um dolti, kde hrot prostupuje vrstvou ve sméru dané metody
odspodu nahoru a v dtisledku zvySovani normalové sily se postupné zanoiuje do vrstvy,
az do vzdalenosti 5 um od vychozi pozice, zde se odtahne a vrati zpét do zakladni polohy.
Dal$im nastavitelnym parametrem je ¢as vrypu, ktery odpovidal 30 s.

Po nastaveni téchto pozadavka v programu TriboScan 8.0, byla pfeskenovana
plocha pomoci hlavy Hysitron s diamantovym kono-sférickym hrotem o poloméru
zakfiveni 1 um v kontaktnim médu, skenovani povrchu je ovladané pres program Nova.
Po provedeni péti vrypt, bylo provedeno opét orientacni pfeskenovani vrypu. Jak jiz bylo
zminéno, presnéjsi snimky téchto vrypt byly ziskany AFM mikroskopem. Veskeré
skenovani probihalo v kolmém sméru na vrypy.

Vyhodnoceni vrypti probihalo opét v programu TriboScan 8.0 (Obrizek 1), kdy byly
ziskany grafy obsahujici informace o lateralnich a normalovych silach, dale lateralnim
anormalovém posunu. Z téchto zatézovych kiivek byla odectena kriticka hodnota
normalové sily, pri které doslo k preruseni spojitosti, a tedy selhani adheze.
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Obrdzek 1: UzZivatelské okno programu TriboScan s vyhodnocovdnim naméfenych zdtéZovych
kfivek pro urceni selhini adheze.

2.3 Mikroskopie atomarnich sil (AFM)

Méfeni mikroskopie atomdrnich sil bylo opét provadéno na pfistroji NTEGRA Aura
s ovladaci elektronikou a fidicim pocitacem se softwarem Nova. Vzorek byl opét umistén
na magneticky podstavec skeneru a skenovana plocha byla predbézné vybrana optickym
mikroskopem, ktery je upevnén k zakladni jednotce mikroskopu NTEGRA. Skenovat lze
bud pomoci vzorkového podstavce, nebo pomoci skenovaci hlavy. Topografické mapy
v této praci byly ziskany skenovanim v semi-kontakinim moédu zakladni skenovaci
hlavou. Ve spodni casti této hlavy je upevnéno raménko s hrotem, pouzita raménka
s hroty byly typu NSG-03 o tuhosti 0,3-6,06 N-m! a rezonancni frekvenci 47-150 kHz
s polomérem hrotu 10 nm. Nastaveni laserového paprsku bylo provedeno po zapnuti
softwaru Nova a fidici elektroniky. Nasledné bylo vybrano pomoci optického mikroskopu
misto s vrypy, byly zadany parametry umoziujici skenovat v semi-kontaktnim médu a po
priblizeni hrotu k povrchu vzorku nasledovalo skenovani v horizontalnim sméru. Byly
ziskany topografické snimky, déle byl ziskan amplitudovy snimek, ktery je vysledkem
méfeni proudového signalu, ktery je potfebny pro prekonani dané nerovnosti vzorku.
Vybrané snimky spolu s vyskovymi profily byly déle zpracovany v obrazkovém editoru
programu Nova.
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3 Vysledky

Pfipravené vzorky byly jak ze samotného tetravinylsilanu s nastavenym prétokem
3,8 scem, tak ze dvou jeho smési. Prvni smés tvofil TVS o prhtoku 0,3 sccm a argon
s pritokem 3,5 sccm, druhd smés byla tvofena TVS (0,3 scem) a kyslikem (3,5 sccm).
Vykon pfi argonové piedupravé byl nastaven 5W, kromé série vzorkii, kdy byla
sledovana hodnota kritické normalové sily v zavislosti na vykonu této pfedupravy. Déle
byly pfipraveny tfi vykonové série se zménou vykonu v rozsahu 2-150 W z TVS a dvou
jiz zminénych smési. Pro vSechna méfeni byly pouzity vzorky ze spodni elektrody
z pozice e.

Na kazdém vzorku bylo provedeno uprostied vzorku deset vrypii a z pritbéhi
zatézovych kiivek byla odectena hodnota kritického normalového zatiZeni, ta odpovida
sile, pri které dochdzi na zatézovych kfivkach k prvni vyrazné fluktuaci lateralni slozky
sily, korelované se selhanim adheze. Kritické normalové zatiZeni je mirou adheze dané
vrstvy k substratu. Z takto ziskanych deseti hodnot byl spocditain primeér a dale
smérodatna odchylka, poté byly v programu OriginPro z téchto hodnot pfipraveny grafy
zavislosti.

Z davodu simultdnni depozice Sesti vzorkti byla provedena vrypova zkouska
uprostied vzorkti smési TVS a argonu deponované pfi efektivnim vykonu 2 W
pripravenych v pozicich elektrody a — f, tloustce 102-104 nm. Z vysledku méfeni bylo
zjisténo, Ze naméfené hodnoty jsou v rozmezi 4 609 + 161 uN (pozice f) az 4 906 + 129 uN
(pozice a) se stfedni hodnotou 4 812 + 168 uN. Smérodatna odchylka odpovida priblizné
3,5 % ze stanovené hodnoty. Velikost smérodatné odchylky souvisi s mirou homogenity
plazmatu v pozicich a — f a vlastni chybou vrypové zkousky. Nizka hodnota smérodatné
odchylky svédéi o dobré reprodukovatelnosti vysledkit méfeni na simultanné
pripravenych vzorcich.

Zaroven u vzorku z pozice e ze stejné depozice byla provedena méfeni pro pét mist
v ramci jednoho vzorku za tcelem zjisténi reprodukovatelnosti vysledkit méfeni vrypové
zkousky. Méfeni byla provedena uprostfed a v rozich vzorku, v kazdé poloze na vzorku
bylo provedeno standardné deset vrypti. Stfedni hodnota méfeni byla stanovena na
4919 + 115 puN, smérodatna odchylka odpovida pfiblizné 2 %. Minimalni hodnota byla
4 867 + 98 uN a maximalni byla rovna 4 950 + 124 uN. Ze zpracovanych vysledkt vyplyva,
Ze stejné jako nezaleZelo na vzorku, ze které pozice v elektrodé byl pouzit pro méfeni, tak
také nezalezi na pfesném misté, kde byla vrypova zkouska na vzorku provedena. Zjisténa
smérodatna odchylka je totiz zanedbatelna.

Diky procesu predupravy argonovym plazmatem, ktera slouzi k ocisténi substrat
a aktivaci povrchu waferu, dochazi ke snadnéjsimu navazani fragmentti monomeru TVS
pii depozici. Z tohoto diivodu byla provedena studie vlivu vykonu dodavaného vyboji
argonového plazmatu na hodnotu kritického normalového zatiZeni jako miry adheze.
Vykon byl dodavan v kontinudlnim rezimu po dobu odpovidajici 10 minutam pfi pratoku
Ar 10 sccem. Hodnoty dodavaného vykonu byly nastavovany od standardnich 5 W, dale
13 W, 30 W, 80 W az po nejvyssi vykon 200 W. Na takto predupravené substraty byly
nadeponovany vrstvy z ¢istého TVS a efektivnim vykonu 2 W a 150 W. Byly provedeny
vrypové zkousky a graf témito vysledky je zobrazen na Obrdzku 2.
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Obrizek 2: Graf zdvislosti kritického normdlového zatiZeni na vykonu p#i prediipravé substritu
pomoci argonového plazmatu pro pp - TVS vrstuy.

Z grafu na Obrizku 2 je patrné, Ze zména vykonu dodavaného plazmatu pfi
argonové pfedupravé neni vyznamna a nema prokazatelny vliv na hodnotu kritického
normalového zatiZeni, vysledky pro dané vzorky se lisi pouze v rozsahu odchylky méfeni
vrypové zkousky. Stfedni hodnota série TVS deponované pii 2W je 1964 + 46 uN.
Rozmezi naméfenych hodnot je od 1893 + 43 uN do 1992 + 35 uN. Pro sérii vzorki
deponovanych pii 150 W se stfedni hodnota rovna 3 909 + 293 uN, rozmezi naméfenych
hodnot je od 3624 + 227 uN do4041 + 152 uN. Je mozné usuzovat, Ze hodnota
dodavaného vykonu 5 W pii standardni pfedupravé je dostatecna.

Byly pfipraveny tfi vykonové série, u nichz byl efektivni vykon zvysSovan od 2 W,
dale 10 W, 25 W, 75 W az po 150 W, jelikoz tato hodnota obecné mtize zvysit adhezi tenké
vrstvy k substratu. Poté byla provedena vrypova zkouska a zjisténa hodnota kritického
normalového zatiZeni, souhrnny graf zavislosti jednotlivych sérii je zobrazen na
Obrdzku 3.

Z tohoto grafu je patrné, Ze u vrstev z ¢istého TVS dochazi ke zlepseni adheze spolu
se zvySovanim efektivniho vykonu az do vykonu 75 W, u tohoto vykonu je patrné
dosazenti jistého maxima. Pro vyssi efektivni vykon, ktery odpovida 150 W, 1ze pozorovat
mirny pokles, tato zména vsSak neni vyznamna. Stfedni hodnoty kritického normalového
zatizeni pro vykony vyssi nez 25 W se méni jen v ramci cca 10 %, coZ je pouze rozsah
chyby méfeni, jenz je akceptovatelny > ¢. Tento mirny pokles vsak muize byt zpiisoben
vznikem vyssiho vnitiniho pnuti v téchto vrstvach. NavySeni kritického normalového
zatizeni u vzorkti deponovanych pfi vykonu 25 W a vys$im oproti vzorkim pii 2 W
al0W je pravdépodobné zplisoben vlivem vétsiho vykonu na vétsi fragmentaci
monomeru, ¢imz dochdzi i k vétsimu zesitovani vzniklého plazmového polymeru.
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Zesitovani méa také vliv na modul pruznosti, ktery ovliviiuje hodnotu kritického
normalového zatiZeni, avSak tento vliv neni dominantni. Jak ukazuje vykonova série
smési TVS a argonu v grafu na Obrdzku 3, neni zde pozorovatelny zadny prokazatelny
trend, jedna se spiSe pouze o nejistoty vzniklé méfenim. Snimky v kapitole o mikroskopii
atomarnich sil ziskané pravé pomoci této metody poukazuji na prakticky nejen stejnou
topografii vrypt, ale i jejich pribéh. U téchto vrstev plazmovych polymerti se projevuje
vliv zesiténi uz pfi nizsim efektivnim vykonu nez u vrstev pfipravenych z ¢istého TVS. Ke
zvysSeni zesiténi dochazi patrné vlivem bombardovani rostouci vrstvy urychlenymi ionty
argonu pii zivé elektrodé; zvysSeni zesiténi materialu ma za diisledek vyssi hodnoty
kritického normaélového zatizeni ve srovnani pp-TVS vrstvami. To také dokazuje hodnota
modulu pruznosti pro pp-TVS/Ar vrstvu vici hodnotam pro pp-TVS vrstvu u vykont
2 W az 25 W; u vyssich méfenych vykont dochazi k poklesu modulu pruznosti této smési
vuci TVS. Tento pokles pravdépodobné souvisi s porovitosti daného materialu, ktera ma
zfejmé vyssi vliv na kritické normalové zatizeni nez samotné zesiténi 7. Sice u téchto
vrstev (75 W a 150 W) obecné dochdzi k vyssimu zesiténi, avsak vlivem podrovitosti ve
vysledku dochdzi naopak k mirnému poklesu hodnot kritického normélového zatiZeni
vicéi samotnym vrstvam pp —TVS. Hodnoty jak kritického normalového zatiZzeni, tak
i modulu pruznosti u vzorku 150 W mohou byt také ovlivnény vnitfnim pnutim ve vrstve.

U vykonové série deponované ze smeési tetravinylsilanu s kyslikem mutizeme
pozorovat maximum pii hodnoté 10 W, po dosazeni této hodnoty spolu s rostoucim
efektivnim vykonem nésledné tato hodnota kritického normalového zatizeni klesa, presto
dosahuji vrstvy piipravené ztéto smési vétsinou nejvyssi hodnotu kritického
normalového zatiZzeni z pozorovanych plazmovych polymeri. Skokovy nartist hodnoty
kritického normalového zatiZeni koresponduje se skokovym naristem modulu
pruznosti’. Vzorek deponovany pfi 2 W dosahuje také stejné jako u2 W pp — TVS/Ar
vyssi hodnotu kritického normalového zatiZzeni nez Cisty TVS z dtivodu vyssiho zesiténi,
vliv vyssiho zesiténi se projevuje u vSech vykonti této série, vyssi zesiténi ma vliv jak na
vyssi hodnoty mechanickych vlastnosti, tak i adhezi. Vrstvy vzorki deponované pii 10 W
az 150 W jsou podobné strukturou jako SiO2, tudiz dochazi klepsi kompatibilité a
dobrému provazani pomoci vazeb mezi vrstvou a substratem. U vykonti vyssich nez 10 W
Ize piedpokladat pérovitost materidlu, kde pfi riistu vrstvy dochazi k zapouzdieni
unikajictho oxidu uhlicitého patrného v FTIR spektrech 8. Vyraznéjsi pokles hodnoty
kritického normalového zatizeni u 150 W vzorku muze byt taktéZ spojen s vyssim
vnitfnim pnutim.

Mezi dalsi faktor, ktery muize ovlivnit adhezi je starnuti vrstev, jelikoz u nékterych
tenkych vrstev dochazi s postupem casu k jejich modifikaci v dtsledku postdepozi¢nich
oxidaci. Proto byly vzorky deponované z ¢istého TVS i obou smési deponované pri
efektivnich vykonech 2W a 150 W podrobeny vrypové zkousce. Tato méfeni byla
studovana po dobu 100 dnd, jako prvni den neni bran den depozice, avsak az den
nasledujici po vyhasnuti radikalti. Ziskana data byla zpracovana a ziskané stfedni
hodnoty spolu se smérodatnymi odchylkami byly vyneseny do grafu, ktery je mozné
vidét na Obrdzku 4.
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Kritické normalové zatizeni [mN]

Obrizek 3: Graf zdvislosti kritického normdlového zatiZeni jednotlivych typii vrstev
na efektivnim vijkonu.

Z grafu Casové zavislosti kritického normalového zatizeni na Obrizku 4 plyne, Ze
béhem intervalu 100 dni, kdy probihala méfeni a dochazelo ke starnuti vzorki za
laboratornich podminek v exsikatoru, nedochazi k degradaci vzorkii a zménam ve vrstve,
nebo presnéji na rozhrani vrstvy a substratu, které by mélo vyznamny vliv na hodnotu
kritického normalového zatizeni. Veskeré hodnoty kritického normalového zatizeni
jednotlivych vzorkii osciluji kolem stfednich hodnot v ramci odchylky méfeni, hodnoty
stfednich hodnot i smérodatnych odchylek jsou v Tabulce 1. Pouze vzorek deponovany pii
2W zdistého TVS projevuje jisté zmény, avSak presto tyto zmény budou ziejmé
zpusobeny pouze vys$imi nejistotami méfeni, jak tomu nasvédcuje i nartst smérodatnych

odchylek.

Tabulka 1: Prehled stfednich hodnot kritického normdlového zatiZzeni a smérodatnych odchylek
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vzorkil plazmovych polymerii méfemjch v casové zdvislosti.

150

Vrstva pp Efektivni vykon [W]  Stfedni hodnota [uN] Smérodatna odchylka [uN]
TVS 2 2028 190
TVS 150 3669 253
TVS/Ar 2 3970 108
TVS/Ar 150 3637 178
TVS/O2 2 2 549 95
TVS/O2 150 3 688 134
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Obrizek 4: Graf zdvislosti kritického normdlového zatiZeni na case.

Provedené vrypy byly skenovany pomoci AFM za ucelem ziskani topografickych
map. Na nasledujicim obrazku (Obrizek 5) jsou zobrazeny ziskané topografické mapy
viditelnych ¢asti vrypt pro vzorky deponované pii vykonu 150 W z ¢istého TVS i obou
smési. Na snimcich neni viditelnd pocatecni faze vrypu, protoze po odlehceni hrotu
dochazi k obnoveni zdeformované vrstvy diky elastickym vlastnostem téchto materiald.
V tomto dusledku je viditelna ¢ast vrypu mnohdy mensi nez nastavenych 10 pum, celé
snimky vrypti vSak mohou byt vétsi v diisledku vyhrnuti velkého mnozstvi materialu
vrstvy na konci vrypu.

Vryp vzorku 150 W z Cistého TVS (Obrdzek 5 vlevo) je pomérné mélky, hloubka je
priblizné 20 nm az 30 nm, to znamena, Ze doslo diky elastickym vlastnostem vrstvy
k ¢astecnému uzavieni vrypu. Miizeme vidét, Ze nedochazi k viditelnému odpryskavani
vrstvy, avsak v okoli vrypu doslo k jistému promacknuti vrstvy.

U snimku vrstvy pp — TVS/Ar (Obrizek 5 uprostied) je patrné, ze u vrypu nedochazi
k Zadnému viditelnému odloupavani vrstvy ani vyhrnuti materialu. Vryp ma od mista
selhani adheze az do konce provedeni vrypu pfiblizné sitku vrypu od 0,6 um do 0,7 pm
a jeho hloubka se pohybuje v rozmezi od 20 nm do 30 nm. Mtizeme si v§imnout mirného
vyhrnuti materidlu kolem tohoto vrypu v jednotkach nanometrt.

U snimku plazmového polymeru ze smési TVS s kyslikem (Obrizek 5 vpravo) je vidét,
ze dochazi k pomérné vysoké mife poruseni této vrstvy. Elastické vlastnosti této vrstvy
jsou malé a nedochazi zde k ¢astenému zavfeni vrypt a hloubka je stale kolem 100 nm
avice. Dochazi zde vnejvyssi mife k delaminaci polymerni vrstvy — odlamovani,
odlupovani vrstvy i vyhrnovani této vrstvy ve vétsim méfitku. Tento material je pomérné
tvrdy, avsak kiehky. V draze vrypu za mistem selhani adheze je vidét vyvysenou cast, coz
je nahromadény material z vrypového kandlu. Tento material vykazuje sice pomérné
vysokou hodnotu kritického normalového zatizeni, kdy dojde k selhani adheze, avsak
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z hlediska pouziti by zifejmé nebyl vhodny z divodu vysoké destrukce materidlu, na
rozdil od 150 W vzorkti pp — TVS a pp - TVS/Ar.

Z téchto snimki a z hodnot naméfenych kritickych normalovych zatiZeni je patrné,
ze z vrstev vzorkii z TVS a dvou smési deponovanych pfi efektivnim vykonu 150 W, kdy
hodnoty kritické normalové sily jsou prakticky shodné, je vidét, ze vryp polymerni vrstvy
smési TVS a argonu dosahuje dobrych vlastnosti na rozdil od druhych dvou vzorka.

nm]

10 11

70

9

50
©o
g 40
Te]
< 30
(]
2
N
10
. .
0 20 40 Oy
um

Obrdzek 5: Ukdzka AFM topografickych snimki vrypii 150 W vzorkii: vlevo pp-TV'S vrstvy,
uprostied pp-TVS/Ar vrstvy a vpravo pp- TVS/O:2 vrstuy.

4 Zavery

Cilem prace bylo stanoveni miry adheze vzorkii pomoci vrypové zkousky
a posouzeni reprodukovatelnosti vysledki s ohledem na Ccistotu substratii, depozicni
podminky a starnuti vrstev. Byly charakterizovany tenké vrstvy plazmovych polymerti
s pfibliznou tloustkou 100 nm, deponované pfi rlaznych vykonech zmonomeru
tetravinylsilanu a jeho dvou smési s argonem a kyslikem na plosné kiemikové substraty
metodou chemické depozice zplynné faze. Byly ziskdny topografické mapy vrypt
pomoci mikroskopie atomarnich sil za ucelem posouzeni nejen miry adheze vrstvy
k substratu, ale pfedevsim ke zhodnoceni charakteru poruseni vrstev ¢i jejich delaminace.

Bylo zjisténo, Ze reprodukovatelnost Sesti simultanné deponovanych vzorka
plazmovych polymerti je dobra, tudiz nezalezi, ze které pozice je vzorek pouzit pro
analyzy. Dal$imi méfenimi bylo také dokazano, Ze pfi samotném provedeni vrypové
zkousky nezalezi na presné pozici na vzorku a Ze vrstvy vykazuji shodné hodnoty
kritického normélového zatiZeni v ramci chyb po celé plose vzorkd, jsou tedy homogenni.

Pfi studiu vlivu dodavaného vykonu pfi pfedipravé bylo zjisténo, Ze zména tohoto
vykonu neni vyznamna a nema prokazatelny vliv na hodnotu kritického normalového
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zatizeni, vysledky méfeni se lisi pouze v rozsahu odchylky méfeni. Z toho plyne, Ze
hodnota dodavaného vykonu 5 W je dostatecna.

Z vysledkii méfeni vrypové zkousky vykonovych sérii vyplyva, Ze u vrstev pp —
TVS deponovanych pii vykonu 2 a 10 W jsou hodnoty kritického normalového zatiZeni
priblizné dvakrat nizsi nez u vyssich vykontl, u téchto vykonti (25-150 W) dochazi
k nevyznamnym zméndm hodnoty kritického normalového zatizeni pravdépodobné jen
v ramci chyb méfeni. U vrstev pp — TVS/Ar nedochazi k Zadnym vyraznym zméndm
kritického normalového zatiZzeni na ménicim se vykonu a tyto hodnoty osciluji kolem
stfedni hodnoty. U smési TVS s kyslikem bylo dosaZeno maximalniho kritického zatiZeni
pri 10 W, u vyssich hodnot efektivnich vykonil kritické normalové zatizeni vyrazné klesa
v diisledku porovitosti zptisobené zapouzdfenim plynti pfi tvorbé vrstvy. Z téchto tif sérii
ma nejvyssi hodnotu kritického normalového zatizeni smés TVS/Ar ze vSech vzorkt
deponovanych pii 2 W. Nejvyssich hodnot kritického normalového zatizeni ze vzorka
deponovanych pifi 10 az 75 W dosahuje smés TVS/Oz i pfes nizsi hodnoty modulu
pruznosti. Vsechny tfi vzorky deponované pfi 150 W dosahuji stejné hodnoty kritického
normalového zatiZeni v ramci chyby méfeni.

Béhem studia vlivu starnuti vrstev po dobu sto dnti nedoslo k patrnym zméndm,
tudiz 1ze fici, Ze nedochazi k vyraznym zméndm na rozhrani vrstvy a substratu, které by
mohly ovlivnit hodnotu kritického normalového zatiZeni.

Z vrypu vzorkli z TVS a dvou smési deponovanych pii efektivnim vykonu 150 W,
kdy hodnoty kritické normalové sily jsou prakticky shodné, je vidét, Ze vryp polymerni
vrstvy smési TVS a argonu dosahuje dobrych vlastnosti. Naopak vzorky ze smési TVS
a kysliku vykazuji pomérné vysokou miru poruseni vrstev, dochazi k rozruseni, praskani
a odlupovani vrstvy.
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1 Uvod

Rozvoj stavebnictva prindsa so sebou pouZzivanie neustile vylepsovanych
stavebnych materidlov, medzi ktoré patria aj penobetény. Nizka objemova hmotnost
penobetonov, ktord je dosledkom ich poréznej Struktary, vedie k podstatnej tspore
vstupnych materialov [1]. Takato Strukttira sa dosahuje pouzitim penotvornych ¢inidiel
(surfaktantov) pocas pripravy penobeténu [2]. Kladnou strankou tychto materidlov je aj
ich jednoducha aplikacia priamo na stavenisku a moznost pripravy v Sirokom intervale
objemovych hmotnosti a pozadovanych pevnosti. Pevnost a poréznu struktiru beznych
beténov je mozné pozitivne ovplyvnit mletim cementu, ¢i jeho ¢iastoénym nahradenim
vhodnymi puzolanovymi materidlmi. Jednym z nich je metakaolin, ktory predstavuje
Casto pouzivani nahradu cementu v tzv. zmesnych cementoch. Okrem zvysenia
dlhodobych pevnosti a zjemnenia pérovej struktiry sa jeho pouzitim dosahuje zniZenie
energetickych narokov a spotreby vapencovych materialov [3]. Preukazanie vplyvu mletia
a zlozenia vychodiskovych zmesi na dolezité charakteristiky penobeténov by umoznilo
vyvoj penobetonov disponujucich nizsou objemovou hmotnostou a sticasne dostatocnou
mechanickou pevnostou nez st v sii¢asnosti v stavebnictve pouzivané materialy.

2 Experimentalna cast

Vsetky vzorky penobeténov boli pripravené z cementu (portlandsky cement CEM I
42.5 R), vody a technickej peny (TP). TP bola pripravena penovym generatorom pouzitim
proteinového penotvorného ¢inidla FN1, ktorého koncentracia bola zniZena riedenim
vodou v pomere 1:3. FN1 sa pred pripravou TP upravovalo posobenim ultrazvuku po
dobu 6 min (25 kHz). Objemova hmotnost TP dosahovala hodnotu priblizne 71 kg.m-3.
Hodnota vodného stcinitela — 0,475 v cementovych kasiach bola udrziavana konstantna.
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Cement a voda sa spolu miesali aZ do ziskania homogénnej cementovej kaSe bez hrudiek.
Nasledne sa za kontinudlneho mieSania priddvali do cementovej kase 2 1 TP. Po 5 min
homogenizacii boli vzorky naliate do plastovych nadob a ponechali sa tuhnut a tvrdnat
na vzduchu pri laboratérnej teplote 22+1°C. Hodnotilo sa fazové zlozenie (RTG),
objemova hmotnost (OH) a mikrostruktira vzoriek (REM, priemerna velkost pérov).
Meraniu pevnosti v tlaku boli vzorky penobeténov podrobené po 28 dnoch odo dna
pripravy. V prvej sérii experimentov bol sledovany vplyv mletia cementu (0, 20, 60 min)
na konec¢né vlastnosti penobeténov. Pouzité boli tri navazky cementu (267, 280, 294 g).
Druha séria experimentov bola zamerana na stadium vplyvu ciastocného nahradenia
cementu metakaolinom (5, 10, 15 hm %) (L05, Mefisto, Ceské lupkové zavody).

2.1 RTG analyza

RTG analyzou sa nepotvrdili rozdiely v zastupeni krystalickych faz ani v jednej
zo sérii vzoriek (obr. 1, 2). Hlavnou krystalickou fazou bol v pripade vsetkych vzoriek
portlandit (Ca(OH)2). Dalsimi hydrataénymi produktmi, ktoré boli RTG potvrdené, st
ettringit (CasAl2(SO4)3(OH)12-26H20; CeAS3Hz) a kalciumsilikathydrat (CaO — SiOz2 — H20;
C-S-H). Ettringit vznika v tychto systémoch ako produkt reakcii slinkovych mineralov -
trikalciumaluminatu (CaO.Al20s; C3A) a tetrakalciumaliuminatferitu (4CaO.Al20s.Fe20s;
C4AF) so siranom vépenatym (pridava sa do portlandského slinku pocas mletia vo forme
sadrovca; regulator tuhnutia). C-S-H je zakladnym produktom hydratacie portlandského
cementu.

Urychlenie hydrataénych reakcii pri pouziti mletého cementu, ktoré by sa
preukdzalo narastom intenzit difranych maxim naleziacich primarnym ¢i sekundarnym
krystalickym produktom hydratacie cementu, bolo zistené az po 1 h mleti (obr. 1).
Zmenou rychlosti hydratacnych reakcii v sledovanom case, ktora by bola preukazatelna
RTG analyzou, sa neprejavilo ani nahradenie portlandského cementu metakaolinom
v rozsahu 5 hm % az 15 hm % (obr. 2).
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Obrizok 1: RTG zdznamy vzoriek pripravenych z nemletého portlanského cementu (A1) a
z cementu podrobenému mletiu po dobu 20 min (B1) a 60 min (C1).
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Obrizok 2: RTG zdznamy vzoriek pripravenych Ciastoénym nahradenim portlandského cementu
metakaolinom v rozsahu 5 hm. % (E1), 10 hm. % (E2, D2) a 15 hm. % (E3).

2.2 Objemova hmotnost

OH (pociatocna ikonecnd) sa v zavislosti od mletia cementu ani mnoZzstva
metakaolinu vyznamne nemenila. So zvySujicim sa mnozstvom cementu sa OH vzoriek
zvySovala len nepatrne. Vzhladom na malé zvySenie mnoZstva cementu (o 5 hm. %, resp.
0 10 hm. %) sa velké zvySenie objemovej hmotnosti neotakévalo. Cast cementu mohla
zostat v dosledku nedostatocnej homogenizacie nalepena na stenach nadoby, v ktorej boli
vzorky pripravované. Do istej miery moze byt tato skutocnost prejavom destabilizacnych
mechanizmov, predovsetkym drenaZe, pri ktorej mdze gravitaciou odchadzajiica voda
zo systému strhavat so sebou aj tazsie cementové castice.

Konec¢na objemova hmotnost vsetkych vzoriek dosahovala hodnoty pod 200 kg m-.

2.3 Priemerna vel'kost castic

Vplyv mletia portlandského cementu na priemernt velkost poérov je zndzorneny
na obr. 3. Kvoli lepsiemu ohodnoteniu stability penobeténov, a teda vplyvu
destabiliza¢nych mechanizmov v jednotlivych vzorkach, boli tieto rozdelené horizontalne
na dve casti. Priemernd velkost pdérov bola stanovend z fotografii hornej i dolnej casti
vzoriek.

Priemerna velkost pdérov vo vzorkach pripravenych z mletého cementu je
vo vsetkych pripadoch tak v hornej ako i v dolnej casti nizsia ako zodpovedajiica
priemerna velkost pérov vo vzorkach z nemletého cementu. Mletie cementu teda viedlo
k lepSej stabilizacii vzoriek voci destabilizacnym mechanizmom pien. V dolnej casti
vsetkych vzoriek boli stanovené nizSie priemerné velkosti pérov ako v ich hornych
castiach. Mozno to vysvetlit rychlejsim stipanim vécsich bublin v mokrej pene smerom
k volnému povrchu vzoriek. U vzoriek, pre pripravu ktorych bol pozity mlety cement, sa
s jeho zvysujiicim sa mnozstvom zvysoval aj rozdiel v priemernej velkosti pérov v hornej
a dolnej casti. KedZe sa mnozstvo penotvorného cinidla v experimentoch nemenilo,
Castic, ktoré neboli vsetky Ciasto¢ne hydrofobizované, a teda nemohli prispiet k stabilite
bublin. Tieto neadsorbované Castice boli v priebehu drenaze strhavané do spodnej casti

181



vzoriek azvySend nehomogénnost systému bola spustacom destabilizacnych
mechanizmov.
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Obrdzok 3: Zdvislost priemernej velkosti pérov vzoriek od mnoZstva nemletého a mletého cementu
pouZitého na ich pripravu.

Zavislost priemernej velkosti pérov od mnozstva metakaolinu vo vzorkéch z druhej
série experimentov je zobrazena na obr. 4. ZvySenie obsahu metakaolinu z 5 hm %
na 10 hm %, resp. 15 hm % viedlo k zniZeniu priemernej velkosti porov. Véetky stanovené
hodnoty st nizsie ako je priemerna velkost poérov vzoriek pripravenych bez obsahu
metakaolinu, a to bez ohladu na to, ¢i bol na ich pripravu pouzity mlety alebo nemlety
cement. MoZzno teda usudzovaf, Ze nahradenie casti cementu metakaolinom viedlo
k lepsej stabilizacii pien.

Najnizsiu priemernti velkost pérov vykazuje vzorka s 10 hm % metakaolinu
pripravena z nemletého portlanského cementu. K vyssej stabilite vzoriek z druhej série
preto pravdepodobne vo vyssej miere prispelo pouzitie metakaolinu ako mletie cementu.

Priemerna velkost pérov stanovena z dolnych casti vzoriek je rovnako ako u vzoriek
z prvej série experimentov nizsia ako zo zodpovedajtcich hornych casti. Rozdiely medzi
hodnotami vsak nie st také vyrazné ako v pripade vzoriek z prvej série, o opat
potvrdzuje vacsiu stabilitu vzoriek pripravenych s metakaolinom.
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Obrizok 4: Zavislost priemernej velkosti pérov vzoriek od mnoZstva metakaolinu (v hm %)
pouZitého na ich pripravu.
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2.4 Pevnost v tlaku

Uz 20 min mletie cementu viedlo k zvySeniu pevnosti v tlaku z pdvodnych ~
0,1 MPa na ~ 0,2 MPa. PrediZenie doby mletia na 1 h sa dal$im zvySenim hodndt pevnosti
v tlaku nepreukazalo. Pevnost v tlaku penobeténu pripraveného nahradenim 10 hm %
cementu metakaolinom bola v porovnani so zodpovedajucou vzorkou pripravenou bez
metakaolinu (0,12 MPa) v&csia. Najvyssia pevnost v tlaku bola namerana pre vzorku
pripraventi s najvyssim obsahom — 15 hm % metakaolinu (0,23 MPa).

3 Zaver

Pouzity spOsob pripravy a parametre (mnoZstvo cementu, vodny sucinitel,
mnozstvo a objemova hmotnost technickej peny) boli zvolené dobre a viedli k priprave
stabilnych penobeténov s pozadovanou konecnou hodnotou objemovej hmotnosti
pod 200 kg m?. Mletie cementu ani ¢iastotna nahrada cementu metakaolinom neviedli
k zmene fazového zlozenia penobeténov, ktora by bola preukazatelna RTG analyzou.
Rovnako nebolo RTG zistené ani oc¢akavané urychlenie hydratacnych reakcii pri pouziti
mletého cementu, resp. metakaolinu. Dovodom je inhibi¢ny ucinok penotvorného ¢inidla.
Mletie, ako aj nahrada casti cementu metakaolinom prispeli k zlepSeniu stability vzoriek,
ktora sa prejavila niz§imi hodnotami priemernej velkosti pérov a mensimi rozdielmi
medzi hodnotami v roznych castiach vzoriek. Mletie cementu po dobu 20 min viedlo
k zvySeniu pevnosti v tlaku z ~ 0,1 MPa na ~ 0,2 MPa. Pouzitie metakaolinu malo za
nasledok rovnaké zvySenie pevnosti v tlaku, pricom najvyssia pevnost (0,23 MPa) bola
namerana pre vzorku pripravenu s najvyssim zastupenim metakaolinu (15 hm %).
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1 Uvod

V poslednych rokoch nanocastice ¢i nanomaterialy ako také vzbudili obrovsky
zaujem ako odbornej verejnosti tak i beznych Iudi. Stretavame sa s nimi v beznom Zivote.
Nachadzaji sa v nekréivych, ¢ nepremokavych textilidch, vyuZzivajui sa v medicine,
pri povrchovych tpravach materialov, alesu idobrym pamifovym médiom. Vdaka
svojim vynimocnym vlastnostiam sa ich vyuzitie rozsirilo ido vysoko Specifickych
procesov akymi je aj iprava znecistenych vod ¢i pod.

Kontaminacia dnes$nych povrchovych vdd je znacna, ainterval kontaminantov
je natolko Siroky, Ze aj dnes bezne pouzivané postupy na degradaciu polutantov
nie st dostacujiice. Napriklad farbiva, ktoré sa bezne pouzivaju v kozmetickom,
farmaceutickom priemysle a v mnohych inych vyrobach (hruby odhad spotreby farbiv
rocne je 7-105 az 1-106 ton celosvetovo, z ktorych 60-70 % tvoria azofarbiva) predstavuju
nebezpecenstvo pre zivotné prostredie, nakolko 10-20% farbiv obsiahnutych
v odpadovych vodach vstupuje do Zzivotného prostredia kde moéze poOsobit toxicky
na biocenézu [1].

Na degradaciu polutantov pritomnych v odpadovych vodach st v praxi casto
pouzivané metddy zalozené na produkcii hydroxylového radikalu, ktory patri medzi
najsilnejie oxidacné ¢inidla a vykazuje malu selektivitu, vdaka ¢omu moze oxidovat
Siroké spektrum zltucenin a mdZeme ich pomenovat ako pokrocilé oxidacné metody
(Advanced Oxidation Processes, AOPs) [2]. Tieto metddy maju v praxi mnoho
modifikacii, v ktorych sa uplatiiujii aj samotné nanocastice. V jednej z najnovsich metéd
je uplatnené nanozelezo—nZVI (nanoscale zero-valent iron), ktoré je v sucasnosti
Studované pre sandciu Zzivotného prostredia. Prvé vysledky potvrdili predpoklady
Sirokého uplatnenia. nZVI bolo pouzité aj v Specifickych pripadoch kedy boli polutantmi
vod herbicidy, vybusniny ¢i sa upravoval nuklearny odpad [3].

V tejto praci bolo pouzité Specidlne pripravené nanozelezo a to za pomoci extraktov
z listia. V porovnani s inymi metédami (najcastejSia komercna priprava nZVI, pouZzitim
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zluceniny borohydridu sodného NaBHi) [4] priprava tohto nanokompozitu nasim
spdsobom ma mnoho vyhod. Nie je toxicka, je finan¢ne nendrocna a v prvom rade
vyuziva prirodné materidly, ktoré su povazované za odpad a je teda ekologicka. Touto
zelenou metddou, ktora pouziva listie na pripravu nanozeleza (nZVI) a jeho naslednym
pouzitim na degradaciu modelovej odpadovej vody pripravenej z azofarbiva — Acid
Blue 113 sa zaobera predkladand praca.

2 Experimentalna cast

2.1 Polutanty véd

Ako uz bolo spomenuté, v dnesnej dobe polutanty vod predstavuju Siroké spektrum
latok. V skiimanej modelovej vzorke, bolo ako zastupca polutantu pouzité farbivo Acid
Blue 113 alebo Midlonova Modf 5R, ¢o je casto pouzivany nazov pouzitého farbiva, sa
najcastejSie pouziva v priemysle na farbenie viny, nakolko sa vdaka nej dosahuje hlboky
odtien [6].

N
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A\
N NH
) i
I
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Obrizok 1 — Struktiirny vzorec farbiva Acid Blue 113

Ako mdzeme vidiet na Obr. 1 v jeho Struktiirnom vzorci je 6 aromatickych cyklov,
ktoré st pri¢inou toxicity a stcasne aj perzistencie uvedeného farbiva. Toto farbivo
je taktiez povazované za karcinogénnu latku. Rozpustenie tychto farebnych zltcenin
vo vode zvysuje biochemicku spotrebu kyslika, a tym znizuje prienik svetla do vody [6].
Vzhladom na vysoky stupen pritomnosti aromatickych skupin v Struktdre farbiva je tato
latka stabilnd, a tak konvencné fyzikdlnochemické ¢i biochemické metdédy upravy
odpadovych vdd st neefektivne pri jej odstranovani [7].

Tabul'ka 1 — Charakteristiky farbiva Acid Blue 113

Sumarny vzorec CAS cislo Molova hmotnost’ [g-mol'1]
C32H23N506S2 [3351-05-1] 637,685
Hustota [g-cm's] Absorbancia [nm] Zastupenie jednotlivych prvkov
C (60,27 %), H (3,64 %),
1,46+ 0,1 574 N (10,98 %), O (15,05 %),
S (10,06 %).
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2.1.2 Priprava modelovej vzorky

Zakladny roztok degradovaného farbiva - Acid Blue 113 bol pripraveny do 2 litrovej
odmernej banky s koncentraciou c¢=100mgl?' a bol skladovany pri laboratérnych
podmienkach. Pre vypocet t¢innosti degradacie bola namerand kalibra¢nd krivka tohto
azofarbiva nasledovnym postupom: Zo zakladného roztoku farbiva sc=100mgl!
bolo do odmernych kadiciek pripravenych 10 roztokov s rozdielnou koncentraciou,
ktorym bola trikrat zmerana absorbancia pri rovnakej vinovej dizke 574 nm.

2.2 Nanozelezo nZVI

Zaciatky pouzivania nanozeleza sa viazu k roku 1990, kedy sa zacalo pouzivat
v priepustnych reaktivnych bariérach (PRBs) na tipravu vdd (odpadovych, podzemnych),
ale i pdd a sedimentov. Najcastejsimi latkami spdsobujiicimi znecistenie v tychto
systémoch st chlérované kontaminanty, alebo tazké kovy (chrém, olovo) a samozrejme
chlérované pesticidy (Lindan, DDT) [7]. Nanozelezo sa v poslednej dobe stale viac
uplatiiuje v oblastiach environmentdlneho inZinierstva. Tento materidl sa javi ako slubné
c¢inidlo pri sandcii znecistenych vod vdaka jeho $pecidlnym vlastnostiam.

* Rozmery pouzivaného nanoZzeleza sa pohybuju v intervale od 1 az po 100 nm.
(Pre porovnanie typicka bakterialna bunka ma priemer radovo 1 um co predstavuje
1000 nm) [4].

e Povrch nanocastic Zzeleza je velky vzhladom k ich jednotkovej hmotnosti
a tak su tieto Castice velmi ui¢inné redukéné ¢inidla [1].

* Nanocastice Zeleza mdzu byt efektivne transportované tokom podzemnej vody,
viac ako 20m, kde moézu byt vstrekované pod tlakom alebo len dosledkom
gravitacie. nZVI mo6zu ostavat reaktivne voc¢i kontaminantom v péde a podzemnych
vodach po dlhsiu dobu (>4-8 tyzdnov) [4].

* Toxicky vplyv sa ukazal napriklad na kultare baktérii Escherichia coli. Fytoplankton
a zooplanktén vykazoval po vystaveni nZVI nizsi populacny rast.

¢ Zeleznaté iény st schopné vstupovat do buniek a vytvérat oxidaény stres,
ktory v kone¢nom ddsledku sposobuje bunkovti smrt apoptézou [8].

2.2.1 PripravanZVI a degradacia azofarbiva Acid Blue 113 nanoZelezom

nZVI bolo pripravené z vyluhu z listov magnolie nasledovnym postupom:
Do Erlenmeyerovej banky bolo pridanych 2,5g listia, ktoré bolo pozbierané zelené
anasledne volne vysusené, a nameranych 500 ml vody. Tato zmes sa 2 hodiny varila
pri teplote 80°C za staleho mieSania na magnetickom miesadle. Po ochladeni bol roztok
prefiltrovany, nasledne sa rozdelil do kadiciek po 50 ml, do ktorych sa navazilo 0,139 g
FeSO4+7H20. Vo vsetkych kadickach bola nasledne upravena hodnota pH na 7-8 pomocou
5%-ného roztoku NaOH. Po odstati boli roztoky viac krat dekantované anasledne sa
usadenina, obsahujtica komplexy nanoZzeleza, odstredila v odstredivke Biosan LMC 3000
(1800 rpm, 6 min.). Po odstredeni vytazok obsahoval 12 ml kasovitého nZVI.

Do 500 ml Erlenmeyerovej banky, ktora bola obalena v alobale, kvoli zabraneniu
pristupu svetla, bolo pridanych 300 ml zakladného roztoku farbiva Acid Blue 113,
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ktorého pH bolo upravené za stdleho miesania (250 rpm) 5%-nym roztokom H2SOs
na hodnotu 3-4. Nasledne sa do 4 baniek s roztokom farbiva odpipetovalo 0,5; 1,5; 2,5
alebo 3,5ml kasovitého extraktu komplexu nanozeleza a v 0., 1. a 2. hodine
bolo pridanych 0,1 ml peroxidu vodika H20: (30 %). Reakcia bezala za stdleho miesania
3 hodiny, pricom v 1., 2. a 3. hodine bolo odobranych 10 ml vzorky. V odobranej vzorke
bolo vyzrazané zelezo a po filtracii sa zmerala absorbancia. Po ukonceni reakcie sa roztok
v Erlenmeyerovej banke cely vyzrazal (pH=7), prefiltroval a pouzil na stanovenie
CHSKcr a respirometrické testy. Tieto roztoky obsahujlice nanozelezo a farbivo boli
podrobené aj testom toxicity podl'a metddy opisanej v OECD.

2.3 Fentonova reakcia

Fentonova reakcia Zeleznatych i6nov s peroxidom vodika s optimalnou hodnotou
pH = 3 az 4 generuje HO* radikaly, ktoré patria k najsilnejsim oxidacnym cinidlam.
Vykazuji mala selektivitu a st schopné oxidovat Siroké spektrum zlticenin [2].

Fe?* + H20z + Hr— Fe3* +HO*+ OH - 1

Vdaka svojim vyhodam akymi s nenarocné technologické zariadenia
na jej realizaciu, vysoka ucinnost a v neposlednom rade i nizke ndklady si nachadza
Siroké uplatnenie v praxi hlavne pri tprave vody pred jej Cistenim v biologickych
Cistiarnach odpadovej vody. V sticasnosti sa vyuzivaju rozne modifikacie FR na zvySenie
jej ucinnosti a samozrejme znizenie nakladov. Tieto reakcie, ktoré bezia na principe FR
sa nazyvaju ,Fenton-like reaction” — FLR.

2.3.1 Degradacia Acid Blue 113 Fentonovou reakciou

Do 500 ml Erlenmeyerovej banky bolo nameranych 300 ml zakladného roztoku
farbiva a upravené pH na hodnotu 3-4 kyselinou sirovou. Potom bolo navazenych
a do banky pridanych 0,1 g FeSO4+7H20 a 0,1 ml 30% peroxidu vodika.

Cely roztok sa miesal magnetickym miesadlom a po 1 hodine bolo odobratych 10 ml
vzorky, 5%-nym roztokom NaOH vyzrazany hydroxid Zelezity a po jeho odfiltrovani bola
spektrofotometricky odmerand vysledna absorbancia. K zvysnému roztoku
v Erlenmeyerovej banke bol pridany taky isty navazok heptahydratu siranu Zeleznatého
a taktiez rovnaky objem peroxidu. Cely tento proces sa opakoval trikrat a po odobrati
3. vzorky (a jej spracovani a spektrofotometrickom odmerani ) bol vyzrazany cely objem
a po odfiltrovani v ¢irej kvapaline potom stanovené hodnoty vyslednej CHSKcr. Tento
roztok sa pouzil aj na respirometrické testy a testy toxicity.

2.4 Kovové zelezo

Pre  efektivnejSie = degradovanie organickych chlérovanych  polutantov,
ako st trichloretan, perchldretylén, DDT ¢i azo farbiva, sa vyuzivaju redukéné vlastnosti
kovového Zeleza Fe?. Vdaka jeho rozsirenosti nie je jeho pouzitie financne narocné, avsak
vyzaduje si predupravu, z dovodu jeho lahkej oxidacii na vzduchu. Najucinnejsim latkou
na aktivaciu Zzeleza, zbavenie sa produktov oxidacie, sa ukdzala kyselina sirova
(H2S0.) [9].
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2.4.1 Degradacia Acid Blue 113 kovovym Zelezo (Fenton Like Reaction)

Tento sposob degradacie sa radi k modifikaciam klasickej Fentonovej reakcie (FLR),
kde ako zdroj Zeleznatych katiénov bola pouzitd Zelezna struzlina, a to nasledovnym
sposobom.

Struzlina bola ponorena na 5 min do 20%-nej kyseliny sirovej, z dévodu aktivacie
jej povrchu. Nasledne bola oplachnuta destilovanou vodou, usuSena handrickou
a odvazena jej hmotnost mi. = 20,537 g. Po odvazeni bola oplachnuta destilovanou vodou
a vlozena do Erlenmeyerovej banky nastoknuta na sklenej , hokejke”, ktora bola obalena
alobalom a kde uz bolo pripravenych 300 ml farbiva a 0,05 ml koncentrovanej H2SOs.
Po induk¢nej dobe sa pridalo 0,4 ml H2Ox.

V nasledujiacich troch hodinach bolo trikrat odobranych 10 ml vzorky,
ktord sa po uprave pH a prefiltrovani pouzila na premeranie absorbancie a do zvysného
roztoku v banke bolo este dvakrat pridanych 0,4 ml peroxidu vodika.

Po ukonceni reakcie bol roztok v Erlenmeyerovej banke vyzrazany, prefiltrovany
a pouZzity na stanovenie CHSKcr, respirometrické testy a testy toxicity. Nakoniec bola
znovu stanovena hmotnost Zeleznej struzliny, ktora sa zniZila na hodnotu mix = 20,346 g.

3 Vysledky prace

Priprava nanocastic Zeleza z listia bola mozna len vdaka redukénym vlastnostiam
polyfenolov obsiahnutych v prirodnych materidloch. Tieto zluceniny maju silné
antioxidacné schopnosti, vdaka ktorym redukuju Fe? idény, ktoré boli pridavané
do reakcie v podobe heptahydratu siranu Zeleznatého za vzniku nZVI[7].

Zmeny koncentracie farbiva v stanovovanych reakénych zmesiach boli urcované
na zaklade vypoctu z rovnice trendovej Ciary vopred pripravenej kalibracnej krivky
roztokov Acid Blue 113 s r6znou koncentraciou (y=54,519+x+0,2997).

Meranie tc¢innosti nZVI bolo porovnavané aj s klasickou a modifikovanou FR a sumarne
vysledky tychto merani s uvedené v Tabulke. 2.

Tabulka 2: Sumdrne vysledky poklesu farebnosti (%f) po degradidcii FR, FLR s kovovym Zelezom
a nZVI vzhl'adom k reakénému Casu (hod)

Pokles 0,5 1,5 2,5 3,5
farebnosti FR FLR ml ml ml ml
za cas [h] nZVI nZVi nZVI nzZVI

1 82,25 97,25 80,78 49,44 35,59 36,46
2 90,59 98,94 95,47 90,27 65,90 64,21
3 92,45 99,54 98,01 95,45 81,27 77,02

Avsak okrem iného, na tc¢innost degradacie farbiva vplavala aj hodnota pH, ¢o m6zeme
pozorovat na obrazku 2.
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Obr. 2 — Zmena koncentrdcie (mg-I"') farbiva Acid Blue 113 vzhl'adom na pouZityj objem nZV1

Ako nam ukazuje Obr. 2 k najvacsiemu ubytku farbiva doslo pocas prvej a druhej
hodiny, kedy bola hodnota pH v banke najnizsia (postupne bol pridavany peroxid).
Hlavnym dovodom, preco bol proces odfarbovania riadeny kyslostou prostredia,
by mohla byt silnd redukcna reakcia vplyvom nanozeleza, co ma za nasledok redukéné
Stiepenie azo skupiny farbiva [10]. Porovnavana bola tc¢innost jednotlivych Fentonovych
systémov na odfarbenie. V tomto pripade sa najlepsie vysledky dosiahli pri pouziti FLR
reakcie s kovovym Zzelezom, kde bolo dosiahnuté najrychlejSie a najlepsie odfarbenie

¢as (hod )

2,5 mlnzVI
=3é=3,5ml nzZVI

—%—FR

=®—FLR s kovovym Zelezom

i metodu degradicie a ¢as (hod)

ako mdzeme vidiet v grafe (Obr. 2).

Tabulka 3: Sumdrne vysledky zmeny hodndét CHSKcr, respirometrickyjch testov a testov toxicity

po degradicii FR, FLR s kovovym Zelezom a nZVI

) Respirometrické CHSKo, Inhibicia Smerogiajné

Experiment testy -1 (%) odchylka

(%) {mat ) (cm)
Standard -3,2 97 - -

FR 79,84 56 75,93 0,070
FLR 38,92 39 61,82 0,160
0,5 ml nzZVI 17,39 224 73,57 0,098
1,5 ml nZVI 51,99 132 63,56 0,165
2,5 mlnzVI 18,64 143 69,29 0,158
3,5ml nzVI 81,09 155 63,91 0,151

Z Tab. 3 vyplyva, ze sa zlepsila chemickd oxidovatelnost pdvodného roztoku
s azofarbivom, ktory je iba slabo oxidovatelny v prostredi CHSKcr (97 mg-1-') po pridani
nZVI do reakcie na rozdiel od klasickej FR a modifikovanej reakcie so Zeleznou struzlinou,
kedy sa hodnota CHSKcr znizila. Po pouziti jednotlivych FLR systémov s nZVI doslo
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k rozpadu skeletu zakladnej molekuly farbiva, k oxidacii vzniknutych reakénych
medziproduktov, a teda k lepsej oxidovatelnosti.

Vykonané respirometrické potvrdili, ze azo farbivo Acid Blue 113 je toxické
pre biologické systémy. Po aplikacii FLR s 3,5 ml nZVI bola najviac stimulovana
respiracna rychlost aktivovaného kalu, ale vSetky vysledné roztoky st vhodné pre dalSie
biologické docistenie.

Testy toxicity podla OECD Guidelines 208 ukazujt, ze vysledné reakcéné roztoky
maju v porovnani s pitnou vodou inhibicny vplyv na rast semien Sinapsis Alba.
Predpoklada sa vsak, ze povodné azofarbivo sa sprava toxickejsie ako uvedené roztoky
predcistené pomocou FLR. Z tohto dévodu bude v budticnosti potrebné vykonat aj testy
toxicity s povodnym roztokom azofarbiva. Z vysledkov je vidiet ze FLR systémy maju
mendsi inhibi¢ny efekt ako samotna FR.

4 Zaver

Cielom tejto prace, bolo overenie moznosti vyroby nanoZeleza z prirodnych
odpadovych materidlov, ako je listie, ktoré nema ziadnu dalSiu pridant hodnotu.
V predlozenej praci boli na syntézu nZVI tspesne pouzité extrakty z listia magnolie.
Nasledne bolo skiimané pouzitie ziskaného nZVI resp. jeho komplexu na degradaciu
azofarbiva Acid Blue 113 pomocou Fentonovej reakcie a jej modifikécii. Stadiom
pripravenych roztokov farbiva s roznymi objemami nZVI sme dospeli k zaveru,
Ze najlepsia ucinnost degradacie a odfarbenia bola dosiahnuta najmensim pouzitym
objemom prirodného extraktu.
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1 Uvod

Znedistovani zivotniho prostfedi je v dnesni dobé vaznym problémem. Jednou
z moznosti zlepSeni naseho Zivotniho prostfedi je vyuziti fotokatalytickych reakeci. Pfi
fotokatalyze je vyuzivano zafeni fotokatalyzatory, které jsou diky tomu schopny
rozkladat riizné necistoty, organické latky nebo bakterie a plisné.

Z hlediska netoxicnosti, vysoké fotokatalytické ti¢innosti a v neposledni fadé také
dostupnosti (z finanéniho hlediska) je oxid titanicity velice lakava moznost pro potencialni
vyuziti jako fotokatalyzator. Dnes se vyzkum zaméfuje na imobilizaci oxidu titanic¢itého
ve formé tenkych filmti na substrat. Jednou z moznosti nanaseni je materialovy tisk, pro
ktery je tfeba pripravit inkousty, které musi mit vhodné vlastnosti pro danou
materialovou tiskarnu. Dilezitym parametrem je stabilita nanoc¢astic oxidu titani¢itého v
inkoustu a jejich velikost.

2 Experimentalni cast

2.1 Piiprava vzorki suspenzi

Bylo pripraveno 60 vzorkti suspenzi oxidu titanic¢itého. Na piipravu byly pouzity
dva zdroje TiOz. Jeden jako vodna disperze Tiodispers NA-AS s obsahem 35 % TiO:z
a druhy v praskové formé od firmy Sigma Aldrich sudavanou velikosti ¢astic kolem
21 nm (oznacovany jako Aeroxid). Slozeni nékterych suspenzi je zaznamenano viz
Tabulka 1. Byla pfipravena disperzni prostfedi a do nich byl vnasen oxid titanicity
v pfislusné formé vzdy o hmotnosti 1 g a to i v pfipadé, Ze se jednalo o vodnou disperzi,
ktera obsahovala pouze 35 % TiO2. K dispergaci bylo nejdfive vyuzito michani pomoci
sklenéné tycinky a nasledné pomoci ultrazvuku.
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Chemikalie pouzité pfi pfipravé disperznich prostiedi

organicka rozpoustédla: cyklohexan a toluen

alkoholy: methanol, ethanol, butanol, i-butanol, hexanol, propanol
organické kyseliny: citronova, octova, nonanova, palmitova
povrchové aktivni latky: abeson, AOT, triton X-102

anorganicka kyselina: kyselina chlorovodikova

destilovana voda

Vyhodnocovani stability suspenzi bylo provedeno po pifipravé vsech suspenzi, které
byly opét promichany a vlozeny do ultrazvuku. Nasledné byly ponechany v klidu tfi dny
a po této dobé byla provedena jejich dokumentace a vyhodnocent stability.

Dokumentace byla ve formé fotografovani vzorki a sledovani pozorovani usazenin.
Byl vyuzit digitalni fotoaparat Nikon D50.

Ze vsech vzorki bylo vybrano 10 nejstabilnéjsich (oznaceni zlutou barvou) pro dalsi
experimenty.

Tabulka 1: sloZeni suspenzi a dokumentace stability

A3 tiodispers (g) pH (HCI) voda (ml)
A3a 1,12 0,99 10
A3b 0,99 2,11 10
A3c 1,10 3 10
Obrdzek 1: vlevo A3a, vpravo A3e
A3d 1,03 4 10
A3e 1,11 5 10
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Obrazek 2: vlevo A5a, vpravo A5d

Obrizek 3: vlevo Aba, vpravo A6d

Obrizek 1: vlevo B2a, vpravo B2d

A5 “Odzzg’ers pH (HCI) | AOT (g) | voda (mi)
Aba 0,9978 0,99 1,01 10
A5b 1,0646 2,11 1,05 10
A5c 1,1616 3 1,01 10
A5d 1,0678 4 1,07 10
A6 Tiod(igs)pers pH (HCI) Ab(egs)on \zﬁ]c:)a
Aba 1,07 1,02 0,8027 10
A6b 1,08 1,02 0,4035 10
A6C 1,08 1,02 0,2166 10
A6d 1,02 1,02 0,1195 10
B2 alkohol tiodispers | k. nonanova | alkohol
@ (ml) (ml)
B2a ethanol 1,10 1,1 10,14
B2b butanol 1,01 1,1 9,88
B2c hexanol 1,10 1,1 9,62
B2d methanol 1,02 1,1 10,1
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aeroxid | k. palmitova
C3 alkohol alkohol (ml
) @ (b
C3a ethanol 1,04 1,05 10,14
C3b i-butanol 1,06 1,02 9,9
Obrazek 5: vlevo C3a, vpravo C3c
C3c hexanol 1,07 1,05 9,62
. roz-
roz- . triton X-102 o
D1 poustédio aeroxid (g) ) pot;:ntgdlo
Dla Toluen 1,00 1,00 9,23
D1b Cyklcr>]hexa 112 1,03 10,3 Obrizek 6: vlevo D1a, vpravo D1b
roz- aeroxid | k. nonanova roz-
D4 Sex : poustédio
poustédio (9) (ml) (ml)
D4a toluen 1,10 1,1 9,23
Obrizek 7: vlevo D4a, vpravo D4b
D4b | cyklohexan 1,09 1,1 10,3
2.2 DLS

Byly proméfeny vzorky A6a, C3c, A3e, A3c, B2a, D4b, D4a, A3d, A5b, Dla. Bylo

pouzito zafizeni ZetasizerNano ZS. Zdroj zafeni byl laser o vinové délce 633 nm. Méfeni
probihalo pii 25 °C. Jen vzorky A6a, A3e, A3c, B2a, A3d, A5b bylo mozné zméfit, protoze
vzorky s organickymi rozpoustédly ulpivaly na sténach kfemenné kyvety a vytvarely
neprostupny film. Vysledky vzorkii A5b, A6a a B2a byly pfepocitany pomoci viskozit
jejich disperzniho prosttedi. U ostatnich vzorkt byla pouzita viskozita vody piti 25 °C.
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2.3 Analyticka odstfedivka (LUMiSizer)

Bylo proméfeno 10 vzorkt, které byly vybrany jako ty nejstabilnéjsi A6a, C3c, A3e,
A3c, B2a, D4b, D4a, A3d, A5b, Dla. Pro zaplnéni vSech pozic v odstfedivce byly dva
vzorky zdvojeny A6a2, A5b2. Bylo vyuzito zafizeni LUMiSizer. Byl proveden test
stability, ktery probihal za podminek 25 °C, 3000 otacek za minutu. Vinova délka zafeni
prochéazejictho kyvetami byla 865nm. Méfeni probihalo 125 minut. LUMiSizer
zaznamenaval transmitanci zafeni prochazejiciho vzorkem.

2.4 Tisk vrstev oxidu titanicitého

Tisk probéhl na tiskdrné Dimatix (DMP-2800). Po zhodnoceni stability a vhodnosti
pro tisk, byl zvolen vzorek A6a pro dalsi experimenty. Tento vzorek byl filtrovan
azbaven tak hrubé frakce. Prvni sada vzorkii A6a byla natiSténa pii teploté 60 °C
a s uhlem vytoceni tiskova hlavy 21°. Substrat byla mikroskopicka podlozni sklicka bez
tpravy jen ocisténa. Bylo natisténo pét vzorki s poctem tisténych vrstev od jedné do péti.
Vyssi teplota byla zvolena s ohledem na fakt, Ze inkoust Spatné smacel podkladové
sklicko a bylo nutné co nejrychleji odpafit rozpoustédlo, aby se pfedeslo stahovani c¢astic
oxidu titanic¢itého do stiedu kapky. Plosna velikost byla 1x1 cm. Tyto vzorky byly pouzity
pro stanoveni fotokatalytické aktivity a tvrdosti vrstev. Dale byly vzorky sledovany pod
mikroskopem. VSechny vzorky byly vypaleny v peci pfi teploté 500 °C po dobu jedné
hodiny.

Druha sada byla tisténa obdobné jen s tim rozdilem, Ze tthel vytoceni tiskové hlavy
byl 6,8°. Bylo natisténo deset vzorkti na sklicka pokrytd FTO. Vzdy dvojice s riiznou
tepelnou upravou. Kazda dvojice méla jiny pocet vrstev od jedné do péti. Tyto vzorky
byly zkoumany pomoci SEM. Jedna sada byla upravena pfi 100 °C, kdy bylo odstranéno
pouze rozpoustédlo, a druhd sada byla zihana pti 500 °C.

2.5 Opticka mikroskopie

Natisténé vrstvy oxidu titanicitého (od jedné do péti vrstev) byly charakterizovany
optickym mikroskopem. Z dtivodi netransparentnosti vrstev bylo zvoleno nasviceni
z vrchu halogenovou zarovkou. ZvétSeni bylo voleno 4x a 10x. Povrch vrstev oxidu
titanic¢itého byl fotografovan digitalnim fotoaparatem.

2.6 Elektronova mikroskopie (SEM)

Bylo provedeno pozorovani natisknutych vrstev pomoci SEM. Byla vybrana
suspenze A6a. Vrstvy TiO:2 byly naneseny na sklicka, ktera byla predtim pokryta
transparentni FTO vrstvou, ktera zajistuje vodivost substratu. Samotné vrstvy nebyly
nijak upraveny pro zvyseni jejich vodivosti. Pouze sklicka byla ukotvena uhlikovou
vodivou  paskou.  Samotné  pozorovani  probihalo  svazkem  elektronti
s velikosti elektrického proudu 30 pA.

2.6 Test fotokatalytické aktivity

Pro tento test byla vyuzita reakce kumarinu pfi styku s UV zafenim, kdy vznika
fluorescenéni produkt 7OHC. Byla sestavena aparatura sestavajici ze stojanu, UV zafivky
Sylvania lynx S 11W, magnetického michadla, Red TIDE USB 650 UV, optického kabelu
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P-1000-2 a pocitace s programem Ocean View. Detektor fluorescence byl umistén kolmo
ke sméru zafeni UV zafivky.

UV zafivka se zapnula ptl hodiny pfed méfenim, pro ustaleni emitovaného spektra.
Do kfemenné kyvety byl nalit roztok kumarinu o koncentraci 10~ M v mnozstvi 13 ml.
Dale bylo vlozeno michadlo. Do kyvety bylo umisténo sklicko s jednou natisténou vrstvou
oxidu titani¢itého. Kyveta byla umisténa pred zafivku a vedle detektor. Méfeni probihalo
jednu hodinu. Po uplynuti této doby se vzorek vymeénil za sklicko se dvéma vrstvami
TiO2. Takto byly proméfeny vSechny vzorky vcéetné prazdného ocisténého sklicka.

Kalibrace byla provedena pomoci roztoku 7OHC. Do odmérnych banék o objemu
25 ml bylo pfipraveno 11 roztoktt 7OHC. Pivodni 7OHC mél koncentraci 106 a tento
roztok byl davkovan do odmérnych banék v objemu 0 az 25 ml s krokem 2,5 ml. Odmérné
banky byly doplnovany destilovanou vodou. Postup meéfeni byl podobny jako
usamotného testu fotokatalytické tucinnosti. Kyveta vzdy obsahovala roztok dané
koncentrace, michadlo a prazdné ocisténé sklicko. Délka méfeni byla asi 5 minut, protoze
z davodu stale klesajici koncentrace 7OHC mélo smysl pouzit pouze prvni naméfené
hodnoty.

3 Vysledky

3.1 Analyticka odstfedivka (LUMiSizer)

Z 12 méfenych vzorkt byly vyfazeny 4. A5b, A5b2 z divodu vysoké viskozity, ktera
nedovolovala zmény pifi danych podminkach a proto nebylo mozné tyto vzorky méfit.
Vzorky tedy byly stabilni, ale pro tisk nevhodné pravé kvtli vysoké viskozité. Aby doslo
k sedimentaci, tak by bylo nutné zménit podminky, jako tfeba zvySeni otacek nebo
prodlouzeni trvani experimentu. Dalsi vyfazené byly Dla a D4a, protoZe zafizeni po celou
dobu zaznamenavalo prakticky stdle stejnou transmitanci a bez jakéhokoliv pfechodu
z oblasti okolntho vzduchu a vzorku v kyveté. To bylo nejspiSe zptisobeno chybnym
davkovanim z dtivodii vyssich viskozit vzork.

Vzorek Aé6a, viz Graf 1, je pfikladem polydisperzniho systému. Na zacatku rychle
sedimentuji velké ¢astice a na konci je zakal tvofeny jemnymi ¢asticemi, ktery sedimentuje
pomalu.

Graf 1: zivislost transmitance na pozici v kyveté pro vzorek Aba
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3.1 SEM

Vrstvy, které byly natistény, byly upraveny dvéma zptisoby. Jedna sada byla
upravena pfi 100 °C, kdy bylo odstranéno pouze rozpoustédlo, a druha sada byla zihana
pfi 500 °C. Diky vysokeé teploté doslo k odstranéni nejen rozpoustédla, ale i organickych
latek slouzicich ke stabilizaci suspenze.

Vsechny vzorky byly pozorovany pomoci SEM. Byly vybrany snimky pofizené pfi
rtznych zvétSenich pro vzorek se tfemi vrstvami natisténého TiO: (jak tepelné upraveny
pii 100 °C, tak zihany pfi 500 °C) a byly pozorovany rozdily.

Velice dtilezité zjisténi bylo, Ze povrch vzorku zahiivany jen na 100 °C se silné
nabijel a to i kdyZz byl pfichazejici elektricky proud velmi maly (30 pA). Dtsledkem byl
sum, ktery zhorsoval pozorovani. To nasvédcuje tomu, Ze castice oxidu titanicitého nebyly
dostatecné propojeny a tedy byla snizena jejich elektrickd vodivost. Nedostatecné
propojeni castic mohlo byt déle zptsobeno pritomnosti organickych latek, které
stabilizovaly suspenzi.

Naproti tomu u vzorku, ktery byl zihan pfi 500 °C, nedochazelo k nabijeni povrchu.
Coz nasvédcuje, ze organické latky nebyly pritomny a ¢astice oxidu titanic¢itého pfi tak
vysoké teploté ziskaly krystalickou strukturu, ktera je elektricky vodiva a tedy byly
veskeré elektrony, které by zptisobovaly Sum, z povrchu odvedeny.

Velikosti samotnych ¢astic oxidu titanicitého byly u obou vzorkt velice podobné
okolo 20 nm. Ale u nezihaného vzorku byly castice agregovany do vétsich atvarti, micel
slozené z organickych sloucenin, které v sobé uzaviraly nanocastice TiOz, viz Obrazek 8.
Zihany vzorek uz neobsahoval organické souddsti a nanodastice byly rozprostfeny po
celém povrchu pomérné rovnomeérné, viz Obrazek 9.

— 100nm 4/17/2014
X 50,000 5.0kV SEI SEM WD 4mm

Obrdzek 2: ti vrstvy TiO2, tepelnd tiprava pi 100 °C
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—_— 100nm 4/17/2014
X 50,000 5.0kV SEI SEM WD Smm

Obrdzek 9: tii vrstoy TiOo, tepelnd tiprava pii 500 °C

3.2 DLS

Byly proméfeny vybrané vzorky metodou DLS. Protoze u vzorkti C3¢c, Dla, D4b
a D4a bylo méfeni nereprodukovatelné, byly tyto vzorky dale vyfazeny. Protoze pro
vyhodnocovani touto metodou je tfeba znat viskozity disperznich prostiedi, byly pouzity
zméfené viskozity vzorkit A5b, A6a a B2a. Ostatni vodné vzorky mély viskozitu danou
jako by $lo o ¢istou vodu. U vzorku A5b byla nakonec pouzita infinite-rate viscositi, ktera
byla 1,03 Pa-s.

Vsechny zméfené vzorky se vyznacuji polydisperzitou. Rozpéti velikosti ¢astic se
pohybuje od 20 do 200 nm pro vzorky A3c, A3e a Aba. U vzorku A3c je vyznamny podil
¢astic o velikosti okolo 30 nm. Vzorek A3d ma distribuci velikosti ¢astic od 50 do 600 nm,
kde nejvice jich je okolo velikosti 122 nm. Vzorek B2a obsahoval castice o nevétsi velikosti
od 91 do 3500 nm. Nejvétsi zastoupent je okolo 1500 nm.

Tistény vzorek A6a obsahoval castice o velikosti 20 az 190 nm.
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Graf 2: objemové distribuce velikosti ¢dstic

3.3 Test fotokatalytické aktivity

Z méfeni fotokatalytické aktivity tisténych vrstev byla ziskana zavislost intenzity
fluorescence na Case ozafovani. Pomoci kalibra¢nich roztokd, které byly proméfeny, bylo
mozné zjistit zavislost koncentrace 7OHC na case ozatfovani, viz Graf 3. Z grafu je patrné,
ze sveétsim poctem vrstev oxidu titanic¢itého je rychleji dosazeno vyssich koncentraci
70OHC. Prazdné sklicko také vykazovalo nartist 7OHC, ktery byl zptisoben reakei
kumarinu jen se samotnym UV zafenim. Je tedy vidét, ze oxid titanicity je skutecné
fotokatalyzatorem reakce, protoze s pfibyvajicim mnozstvim vrstev je rychleji dosahovano
rovnovahy. Rozdil mezi rychlosti reakce u jedné vrstvy a druhé je znacny, ale s dalsimi
vrstvami se mnozstvi pribyvajictho 7OHC méni mnohem méné. S dalsimi vrstvami by uz
tedy pravdépodobné nedochazelo k dalsimu vyraznému zrychleni dosazeni rovnovéhy.

1,4x10"
1,2x10"

1,0x107 4

8,0x10° -

6,0x10° -

4,0x10°

Koncentrace 7-hydroxykumarinu (mol/dm®)

2,0x10° -

0,0

T T T T T T T
0 500 1000 1500 2000 2500 3000 3500 4000
t(s)

Graf 3: zivislost koncentrace 70HC na ¢ase ozatovdni UV zdfenim roztoku kumarinu
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4 Zavér

Cilem této prace bylo pfipravit stabilni suspenzi oxidu titanicitého, ktera by byla
vhodna pro materidlovy tisk.

Bylo pfipraveno 60 vzorki, ale jen 10 bylo vybrano pro dalsi experimenty. Vybér byl
uskutecnén na zakladé stability suspenze po tfech dnech sledovani. Parametrem byla také
viskozita, ktera pokud je pfili§ vysokd, neni suspenze vhodna pro tisk. Dal$im
parametrem byl podil hrubé frakce, ktera musela byt filtrovana.

Vybranych 10 vzorki bylo podrobeno analytickym metodam zkoumajicim
viskozitu, velikost ¢astic pomoci DLS, stabilitu v tthovém poli ultracentrifugy, povrch
tiSténych vrstev pomoci optické a elektronové mikroskopie.

Metoda DLS zkoumala objemovou distribuci velikosti ¢astic v suspenzich. Vzorek
A5b mél velikost castic pravdépodobné mimo méfici rozsah, protoze jeho korelacni kiivka
méla velky nabéh. Méfeni vzorkil s organickymi rozpoustédly nebylo reprodukovatelné.
Velikosti castic se pohybovaly ve vétsiné piipadti v nano oblasti az na vzorek B2a, ktery
obsahoval castice az o velikosti mikrometril. Suspenze A6a, ktera byla dale pouzivana pro
materialovy tisk, méla velikost ¢astic v desitkach nanometrt.

Vybrané suspenze byly proméfeny na analytické odstfedivce, ktera dala lepsi
predstavu o stabilité suspenzi nez jen samotné vizudlni pozorovani po tfech dnech.
Nejméné stabilni byl vzorek D4b a nejvice stabilni byl A3d, ktery mél pH =4. Vzorky
s nizsim nebo vys$$im pH vykazovaly o néco nizsi stabilitu. Vzorek A6a mél rychlost
usazovani téméf dvakrat tak vysokou jako A3d. Presto patii k stabilnéjsim suspenzim
v porovnani s D4b.

Pozorovani povrchu tisténych vrstev, kde zdrojem oxidu titanicitého byl vzorek
Aba, pomoci elektronového mikroskopu ukazalo, Ze pro lepsi provazanost castic TiOz,
jejich rovnomérnéjsi rozlozeni po povrchu substratu a zejména pro dostatecnou adhezi je
nutné zihani pfi vysoké teploté 500 °C. Velikost castic se ve vrstvé pohybovala okolo
20 nm. Pokud byla teplota sniZena na 100 °C, nedoslo k odstranéni organického podilu
a Castice byly aglomerovany do vétsich celkti obalenych tenzidem.

Fotokatalytickd aktivita byla zkouméana na produkci 7OHC zkumarinu za
pritomnosti UV zafeni, kde byla sledovana intenzita fluorescence 7OHC vyvolana UV
zafenim. Tyto hodnoty byly pomoci kalibra¢ni kiivky pfepocitany na koncentraci 7OHC.
Ze zjisténych hodnot koncentrace na case je patrné, Ze vrstvy oxidu titanicitého slouzi jako
fotokatalyzator a jejich aktivita ve sledovaném rozsahu tlousték roste s rostoucim poctem
vrstev, kdy je dosahovano rychleji rovnovahy oxidace kumarinu na 7OHC.
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Klasifikace materialu vyuzivaného
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Ustav chemie a technologie ochrany Zivotniho prostiedi
Purkyriova 464/118, 61200Bimo, CR
xcsykoraj@fch.vutbr.cz

1 Uvod

Mnoho majitelti zahradnich jezirek trapi v prvnich letech provozu rychly narfist
vodniho kvétu a s tim i spojend sniZzena kvalita vody. Zahradni jezirka jsou povazovana
za vody stojaté, diky ¢emuz v nich nedochazi k tak velké cirkulaci, jako tomu je u vod
tekoucich. Pravé proto jsou zahradni jezirka v nejvétsim ohrozeni v prvnich letech jejich
provozu, kdy se fosfor obsaZeny ve stavebnim materidlu (kaminky, oblazky, atd.)
uvolnuje do vodniho prostiedi jezirka a zvysuje tak koncentraci fosforu ve vodé.

Pravé proto vznikla tato prace, kterd poupravuje a optimalizuje, v zahranici
pouzivanou metodu pro stanoveni celkového extrahovatelného fosforu ze stavebniho
materialu, ktery je pouzit v zahradnim jezirku. Na zakladé ziskanych dat z experimentu je
navrzena klasifikace stavebniho materialu, podle uvolnéného mnozstvi fosforu
z materialu. ProtoZe je fosfor ve sladkovodnich vodach limitujicim prvkem pro rtst
vodniho kvétu, je zapotfebi védét, jaké mnozstvi fosforu se miize z materialu uvolnit, aby
se mohla provést opatieni, ktera zabrani snizeni kvality vody, ¢i eutrofizaci zahradniho
jezirka.

Tato prace se v teoretické casti také zaméfuje na vyskyt fosforu a jeho sloucenin ve
vodach, jejich vlastnosti, zdroje vstupu a metody stanoveni v jednotlivych slozkach
zivotniho prostfedi s vétsim dtrazem na vody zahradnich jezirek. Dale je probirana
problematika vysokych koncentraci fosforu ve vodnich tutvarech a s tim spojend
problematika tvorby vodniho kvétu a eutrofizace vody.

2 Experimentalni cast

Experimentdlni cast této prace je zaméfena na analyzu a naslednou klasifikaci
stavebniho materialu pro tvorbu zahradnich jezirek, podle schopnosti uvolnovat fosfor ve
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formé fosfore¢nanti do vody. Pro tyto ticely se vychazelo z rakouské normy ASC-A-0003
,Bestimmung des extrahierbaren Gesamtphosphors mit 1N HCI”.

Tato norma vychazi z toho, Ze na jeden dil jakéhokoliv stavebniho materidlu pro
tvorbu zahradnich jezirek pfipadaji dva dily 1 moll! kyseliny chlorovodikové. Takto
pripravena smés kyseliny a vzorku kameni se ma tfepat po dobu 16 hodin. Po odstranéni
zakalu se Cira tekutina smisi se silnym katexem v H* formé a intenzivné se tfepe po dobu
jedné minuty. Po projiti katexem se vzorek nafedi destilovanou vodou v poméru 1:40.
K takto nafedénému vzorku se piida 4% roztok peroxodisiranu draselného (1 dil
peroxodisiranu draselného na 4 dily zfedéného roztoku). Nasleduje inkubace pfi 130 °C
po dobu 30 minut. Po ochlazeni na pokojovou teplotu se ma postupovat podle Murphy
a Rileyho fotometrického stanoveni z roku 1962, kdy se po aplikaci jednoho smésného
¢inidla méfi absorbance pfi vinové délce 890 nm.

Po prvotnim ovéfeni upravené metody a zjisténi Casové zavislosti doby extrakce
na mnozstvi uvolnénych fosforecnanti byl vzorek kameni extrahovan v 1 mol 1! kyseliné
chlorovodikové na tfepacce pri 1 000 otackach za minutu po dobu jedné hodiny. Nasledné
byl extrakt prefiltrovan pfes filtracni papir a ¢ird kapalina analyzovana pomoci mobilni
analytiky Spectroquant® (firmy Merck) na fotometru NOVA 60 od stejné spolecnosti.
Tento postup byl postupné aplikovén na dvanéct redlnych vzorkii z Ceské republiky
a Slovenska, které se vyuzivaji pro realizaci zahradnich jezirek. Méfeni kazdého vzorku
probéhlo tiikrat ve tfech na sobé nezavislych méfenich.

3 Zavéry

U vsech sledovanych vzorki byl zjistény urcity obsah fosforu, ktery se béhem
extrakce uvolnil ze stavebniho materidlu. Ziskané hodnoty se pohybovaly v rozmezi od
1,7 do 50,0 mg kg-1. Na zakladé tohoto zjisténi byla navrhnuta klasifikace stavebniho
materialu do tii jakostnich tfid, jako tomu je v tabulce 1.

Tabulka 1: ndvrh jakostnich tvid.

. L vhodny stavebni méné vhodny nevhodny stavebni

jakostni tiida . . . .
material stavebni material material

mnozstvi

uvolnéného fosforu <15 <30 <50

[mg kg

vevs

Pro presnéjsi klasifikaci stavebniho materialu pro tvorbu zahradnich jezirek bych
doporucil roztfidéni nehomogennich smési vzorkii na homogenni ¢asti, ze kterych se
skladaji, a ty nasledné analyzovat zvlast. Dale by bylo vhodné navzajem porovnavat
pouze material o stejné velikostni frakci.

Vysledky této prace jsou pouze pilotni a i z praktického pohledu nemohou provést
dokonalou klasifikaci stavebniho materidlu dostupného v Ceské republice. Pouze je
navrzen postup a metodika na stanoveni extrahovatelného fosforu pro dalsi prakticka
vyuziti v této oblasti. Pokud by se provedla zakladni klasifikace nejpouzivanéjsich zdroji
tohoto materialu, dalo by se pii realizaci zahradniho jezirka pocitat s timto mnoZstvim
uvolnéného fosforu a na zakladé toho vychazet pfi tipravé vody na optimalni parametry.
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1 Introduction

In the recent years, organic electrochemical transistors (OECT) have been intensively
researched. The components of an OECT are two electrodes, source and drain, connected
by a semiconductive polymer channel. A third electrode, gate, is positioned along the
channel and separated by a dielectric layer. In some cases, a solid dielectric is used,
however, in the so called electrolyte gated OECTs, a buffer solution (such as Phosphate
Buffered Saline — PBS) is used to separate the gate electrode. In this type of device, the
electric field established in the electrolyte and channel determines OECT performance. In
essence, the output current is modulated by a varying gate voltage, which dopes or de-
dopes the channel with electrolyte ions'.

Charge transport in polymers occurs mostly because of conjugated m-electrons and
electron hopping. In contrast to inorganic semiconductors, polymers do not fully
crystallize and often form complicated polycrystalline structures which are fragile and
difficult to handle. Due to this, conductive polymers are used as thin films, deposited on a
glass or plastic surface. In polycrystalline or amorphous polymers, many disorders occur
in the conduction band, which is therefore less suitable for electron transport. In
polymeric thin films, current conduction is heavily influenced by the presence of an
electric field and temperature. Another factor is the polymer chain structure and
morphology of the thin film. In this case, the charge transport is influenced by the
n-electron conjugated system length and Van der Waals interactions between polymer
chains. The dependence on material structure causes anisotropic behavior in polymer thin
films?2.

For simple calculations involving temperature and electric field, the Poole-Frenkel
equation (1) was reported as adequate.

d= e [mz v 5-11/3, _ 3_qc2, 11 __[K-l]‘ "

Where u is carrier mobility, po is zero field mobility, Ao is zero field activation energy, f is
the field amplification factor, E is the electric field, ks is the Boltzmann constant, ge is the
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elementary charge, ¢ is the semiconductor relative permittivity, ¢o is the permittivity of
vacuum, To is a constant®. The material conductivity can then be defined as a function of
the electric field and temperature (equation 2).

_4-BVE
kT -1
o=q.,nuy,e [Sm ] @)

Where o is the conductivity, n is charge carrier density.

The aim of this study is to create a functional model of an OECT with a simulation of
the changes in current conduction dependent on a potential field. The software used to
create the desired simulation was COMSOL Multiphysics® 5.0, a program designed to
simulate complicated problems based on physics and physical chemistry through
numerical methods. Most simulations employ the finite element method, but other
methods, such as the finite volume or particle tracing method are also supported*.

Creating a model in COMSOL is done with the use of various nodes, Definitions,
Geometry, Materials, Physics, Mesh, Study and Results node. In the Definitions node, the
coordinate system and various variables are defined; in the Geometry node, the model can
be created by hand or imported. In the Materials node, various material constants are
assigned to parts of the geometry and in the Physics node, boundary conditions and
equations to be used in the model are assigned. Physical equations applicable to different
branches of physics are stored in the so-called Modules (e.g. the Maxwell laws can be
found in the Electric Currents Module). When using multiple Modules, they must often be
manually coupled together, which is generally the most challenging part of modelling in
COMSOL. In the Mesh node, a mesh of finite elements across the geometry is created with
preset or user defined settings. In the Study node, the simulation is computed using
various settings, such as parametric sweeps, or time and frequency dependent functions.
Finally, in the Results node, the computed data can be post processed by creating various
plots, integration, or applying user defined functions.

2 Experimental

A two dimensional model was considered sufficient to represent the system, because
significant changes happen only along the width of the channel, which translates to the x-
axis. The geometry is shown in Figure 1. As the next step, the material properties were
assigned. Poly(3,4-ethylenedioxythiophene) doped by poly(styrene sulfonic acid)
(PEDOT:PSS) was assigned to channel and gate, PBS was assigned to the electrolyte,
polyethylene terephthalate (PET) was assigned to the substrate and silver was assigned to
the source and drain electrodes. In this part, special attention must be paid to the
conductivity of PEDOT:PSS. It is meant to be dependent on the electric field; however an
initial constant value of conductivity must be entered to calculate the initial electric field.
The parameters used for PEDOT:PSS are shown in Table 1.
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Table 1: The PEDOT:PSS parameters

Parameter name Value
A 0.48 eV°®
n 7.4x10°m®®
293.15K
To 500 K
o 32x10" m*v's?
0o 9000Sm"®
& 2.2°
y 10]
o
.
-
.
5] Gate
4
51
2] Electrolyte
1] Drain Channel Source
ol [ Substrate
-17
_2’
-3
-4
-8 -6 -4 -2 0 2 4 6 8 x

Figure 1: The OECT geometry, all measurements are in millimeters

2.1 Physics and Study Configuration

Due to the nature of this problem, at least two Modules must be employed. The first
Module must always compute the initial electric field and therefore must have an
explicitly set value of conductivity to co. An Electric Currents Module is sufficient for this
application. This also required a corresponding Study, set to only use the first module and
a Mesh had to be created. A potential of one volt was assigned to the gate electrode, a
ground potential was assigned to the drain electrode and a parametric potential was
assigned to the source electrode. A parametric sweep was then used as part of the study.
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Once the initial field had been calculated, another Module and Study was added and
made to work with conductivity defined by equation (2), while the electric field computed
in the first step was used to solve for the new conductivity value. If further refinement is
desired, more such steps could be added, each using the outcome of the previous step as
an initial value.

To calculate the output characteristic of a transistor, the Semiconductor Module is
normally used; however, this module is not suitable for organic semiconductors due to
different charge transport properties and software limitations. The proper Module for
organic semiconductors is not available yet. In this case, the Electric Currents Module had
to be used, which does not contain the proper equations to model transistor behavior.
Therefore, the output characteristic does not correspond with reality.

2.2 Results
The computed potential field for source potential of one volt is shown in Figure 2.

vy ‘ ‘ ‘ ' ' ' ' "] A 0.97

9
=0.97
8 H0.93
7 ~0.88
6 H0.82
H0.78
5 0.72
4 0.68
0.63

3
0.57
2 — 0.53
1 = s 0.47
| [T ] [T~ ]| Ho42

o
0.38
-1 H0.33
2 H0.28
H0.23

-3
H0.17
-4 ~0.13
-5 ~0.07
—0.03
-8 -6 -4 -2 0 2 4 6 X 8 ¥0.03

Figure 2: The computed potential field, electric potential is plotted in volts.

The output current-voltage characteristic is shown in Figure 3. As discussed before,
the created characteristic is not correct for a transistor device. However, the potential field
shown in Figure 2 is valid for an OECT. In order to model proper transistor behavior, a
custom physics Module will have to be created in the future, as the default Modules are
not suitable for use with organic semiconductors.
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Figure 3: The computed current-voltage characteristic

4 Conclusion

The OECT model, which was created, was not completed, but it did show several
problems to be considered further. Perhaps the most important of these is the need to
create a custom physics Module in COMSOL, either from scratch or by modifying an
existing Module (the Semiconductor Module is the likely candidate). This is quite a great
task, but possibly the only way of creating realistic models in the future. Another aim for
the future is to refine the used equations and try to simulate more complicated models of
current conduction, such as the Disorder model.
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1 Uvod

Utelem optického senzoru je rychle ajednoduse oznamit uZivateli, zda byla
prekrocena urcena intenzita UV zafeni. Vyhodou optického senzoru je, Ze k vyhodnoceni
nejsou tfeba zadna méfeni ani specialni techniky, staci pouze vizualni kontrola. Pouziti
optického senzoru je mozné, kdekoli je potfeba rychlou ajednoduchou metodou zjistit,
zda nebyla pfekrocena limitni davka UV zafeni. Zakladem senzoru je polymerni matrice,
ktera obsahuje fotokatalyticky aktivni slozku, redoxni barvivo asmés latek o urcitém
slozeni a poméru, ktera zabezpeci pfilnavost k substratu a odolnost vii¢i vnéjsim vlivim.
Redoxni barvivo zde slouzi jako indikator, vlivem UV zafeni a fotokatalyzatoru dochazi
kjeho postupnému odbarvovani, ostatni slozky slouzi ke kalibraci barevné zmény
systému na pozadovanou davku UV zafeni'.

2 Experimentalni cast

2.1 Piiprava kompozic

Pied pfipravou samotnych kompozic byly namichany nasycené vodné roztoky
pouzivanych redoxnich azobarviv 1 a 2. Dalsi kalibracni slozky byly do kompozice
pridavany v pfesném pofadi. Takto pfipravena kompozice byla michana 15 minut se
sklenénymi kulickami praméru 1 mm. Poté byla suspenze zbavena kulicek a ovrstvena na
polyethylentereftalatovou fo6lii pomoci natahovaciho pravitka, v tloustce vrstvy 60 pm.

2.2 Exponovani kompozic

Po usuSeni byly vzorky exponované ve slunecni komofe Q-SUN s xenonovou
vybojkou, simulujici slune¢ni zafeni s hodnotou spektralni intenzity ozafeni 0,47 W m-2
pii 340 nm, coz odpovida intenzité slunecniho zafeni v 1été pfi jasné obloze v poledne
v nasich zemépisnych sitkach. Teplota v komote byla nastavena na 50 °C. Vzorky byly
ozafovany v jednotlivych 16 minutovych intervalech, odpovidajici 1 standardni
erythemalni davce (1 SED, 100 ] m2 erythemalné ui¢inné davky v rozsahu vinovych délek
(280-400 nm). Casovy interval byl spolitdn ze vztahu (1), kterym lze vypoditat
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erythemalni efektivni t¢innost zdroje, zde oznaceny jako spektralni produkt SP. Qx je
intenzita zafeni pro jednotlivé vinové délky pokud je intenzita ozafeni 0,47 W m=2 pii
340nm a ESx je erythemdlni spektrum. Podle celkového SP, coz odpovida
hodnoté 1,07-10-1 W m2, byl spocten cas, po ktery je nutné ozarovat vzorek v Q-SUN.
Podle vztahu (2) pro davku 100 ] m=2 byl spocten cas 938 s, coz odpovida 16 minutam.
400
SP=fQA'ESA-dA 1)
250
H=E-t ()
Pomoci spektrofotometru byla promeérena reflektance a barvové soufadnice L'a’b” u
jednotlivych ozafenych vzorkii. Naméfena data byla zaznamenana do programu Excel.
Pomoci programu KeyWizard byl spektrofotometr nastaven na 2° pozorovatele
aosvétleni D50, celé spektrum bylo méfeno v rozsahu vlnovych délek 380-730 nm.
Spektrofotometr byl nejprve nakalibrovan na bilou podlozku a poté byla zméfena bila
kachlicka, ktera slouzila jako srovnavaci podlozka, na které byly méfeny vSechny vzorky.
Kazdy vzorek byl méfen po kazdém intervalu ozafeni na stejném misté, které bylo
vyznaceno krouzkem.

2.3 Materialovy tisk

Materidlovy tisk je velmi slibnou moderni technikou, predevsim kvili jeho
schopnosti nanaset rizné materidly na rtizné substraty, jako je sklo, kovové desky,
polymerni félie, apod. V této praci byla pouzita tiskova technika slot-die. Jedna se
o nekontakini ovrstvovaci techniku, ktera se pouziva pfi potiskovani velkoformatovych
substratti. Hlavnim ucelem této techniky je vytvafeni plosnych vrstev ¢i prouzkd.
Ovrstvovaci kapalina je natlakovana do slotu, ze kterého se pfenasi na substrat za pomoci
hladkého valce.

Ovrstvovaci kapalina

/ Meniskus

Obrizek 1: Princip ovrstvovdni pomoci procesu slot-die

Nanaseci hlavice (slot) je vyrobena z chirurgické oceli. Tloustka filmu je zavisla
predevsim na rychlosti ovrstvovani, tlaku, velikosti mezery mezi slotem a potiskovanym
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substratem. Sitka Stérbiny je definovéna ptidavnou vlozkou, ktera se vkldd4 mezi
predni a zadni ¢ast slotu. Byla pouzita vlozka 100 um.
PIné optimalizovana kompozice byla natiSténa na korénou osSetfenou PET folii

materialovou tiskarnou SmartCoater (Coatema, SRN).

2.4 Vyhodnoceni natisténé vrstvy

Natisténa vrstva byla rozdélena na 36 poliek a proméfena spektrofotometrem
SpectroScan a bez vnéjsiho piidavného filtru byla zméfena opticka hustota jednotlivych
polic¢ek pro purpurovy filtr. Z téchto dat byla sestavena mapa optickych hustot, které
potvrdily homogenitu natisknuté vrstvy — opticka hustota kolisala pouze do +7 %. Pomoci
mechanického profilometru DektakXT byla zjisténa primérna tloustka suché vrstvy
20,4 pm.

14
047 W-m™2-nm” @340 nm
1,2 0 min
8 min
1,04 —— 16 min
3 —— 24 min
g 0,87 —— 32 min
5 40 min
2 0,67 —— 48 min
< 04]
021

0,0+—————————————————

350 400 450 500 550 600 650 700 750
Vlnova délka, nm

Obrizek 2: Zmérend spektra a hodnoty L'a’b” natisténé kompozice obsahujici smés 1. a 2. barviva

Bylo provedeno testovani zdkona reciprocity, ktery fika, Ze chemicky tucinek
absorbovaného zafeni je roven soucinu intenzity ozafeni E a casu t podle vztahu (2).
Pomoci tohoto vztahu byla vypoctena davka ozafeni H. Pokud je zachovan zikon
reciprocity, potom budeme-li ozafovat vzorek vyssi intenzitou kratsi cas a nebo budeme-li
ozafovat nizsi intenzitou del$i cas a bude-li davka ozareni stejnd, bude i barevna zména
ozafenych vzork stejnd. Testovani probihalo pod lampou se zafivkami Sylvania LYNX
4x11W a byla potvrzena platnost reciprocniho zakona pro danou expozi¢ni davku
100 J m2.
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Obrizek 3: Reciprocni test pod lampou se zdfivkami Sylvania pro ddvku ozdveni 100 | m=2

4 Zavéry

Byl vytvoren tistény dozimetr pro UV zafeni, ktery fotokatalytickou degradaci
barviva méni barvu z fialové do zluté. Tento pfechod byl pomoci kalibra¢nich ¢inidel
uspésné fizen. Kompozice byla tispésné nanesena na PET félii a byla ovéfena kalibrace
barevné zmény pfipraveného dozimetru expozi¢nimi testy, méfena tloustka nanesené
vrstvy profilometricky, VIS spektrum a pomoci denzitometrické kontroly byla zjisténa
vyhovujici homogenita natisténé vrstvy dozimetru. Nasledné byla na pfipravenych
dozimetrech ovéfena platnost fotochemického reciprocniho zakona.
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1 Uvod

Snaha cloveka esteticky skraslovat svoje okolie siaha hlboko do histérie Tudstva.
Farby mali pre cloveka uz od nepamiti svoj jedinecny a symbolicky vyznam, ktory
pretrval az dodnes. Jednym z predmetov, kde sa prejavila tizba vniest radost z farby je aj
fotografia. Na kolorovanie ciernobielych fotografii sa vyuzivali aj vyuzivaju rdézne
prirodne organické farbiva, medzi ktoré radime aj kyselinu karminov.

Kyselina karminova, ktora z hladiska jej chemického zloZzenia patri medzi
antrachinénové farbivd, je sucastou farebného extraktu z cervca nopalového zijiceho
na niektorych druhoch kaktusov. V prirodnej podobe sa vyrdba dodnes, zatial co jej
synteticka vyroba je velmi narocna. Pri jej aplikovani v maliarskych technikach, ale aj
v r6znych priemyselnych odvetviach je dolezité poznat jej vlastnosti a jednou z dolezitych
vlastnosti je aj svetlostalost.

2 Experimentalna cast

2.1 Charakteristika kyseliny karminovej pomocou FTIR spektroskopie

Fourierova transformaéna IC spektroskopia (FTIR) je spektroskopickd metéda
pouzivana na identifikaciu atémovych funkénych skupin pri stanovovani organickych
zltcenin. Pri charakterizacii kyseliny karminovej boli namerané FTIR spektra pripravenych
vzoriek kyseliny karminovej a arabskej gumy vo forme KBr tabletiek, a to v intervale
4000 az 600 cm-!. Namerané spektra st uvedené na obr. 1. Ako mozeme vidiet, v spektre
kyseliny karminovej sa nachadzaju dva charakteristické péasy, ktoré sa v spektre arabskej
gumy nevyskytuju. Tieto pasy st v sulade s chemickou struktirou molekuly kyseliny
karminovej. Prvy  vyrazny pas  pozorovany pri vlnofte 1720 cm-! je
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charakteristicky pre karboxylové kyseliny a pas pri 1570 cm-! mdZe prislichat
aromatickym zlticeninam [1].

1,0

0,8

0,6

absorbancia

0,4 -

0,2

O’O T T I/l T T T T T T
4000 3500 3000 2500 1800 1600 1400 1200 1000 800 600

vinocget [cm"]

Obr. 1: Normované FTIR spektrd kyseliny karminovej (Cervend) a arabskej gumy (Cierna)

Dalej boli namerané IC spektré arabskej gumy a kyseliny karminovej v rdznom
pomere. Ako vidiet na obr. 2, spektra kyseliny karminovej (KK) a arabskej gumy (AG) sa
vo viacerych pasoch prekryvaji. Pre identifikaciu farebnej zlozky (KK) st dolezité prave
dva uz spominané pasy, ktoré sa nevyskytuji v spektre arabskej gumy. St viditelné uz
pri jej nizSom obsahu (1:6) a postupne narastaju s jej zvysujliicim sa obsahom.

1,0

absorbancia

AG 3 mg +KK 5 mg

AG 3 mg +KK 3 mg
/ AG 3 mg +KK 1 mg

] AG 3 mg +KK 0,5 mg

AG cista

O’O T T 17/ T T T T T T
4000 3500 3000 2500 1800 1600 1400 1200 1000 800 600

vlnocet [cm’l]

Obr. 2: Normované FTIR spektrd arabskej gumy a kysliny karminovej v réznom pomere
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Pomocou nameranych IC spektier pre &isti arabski gumu a kyselinu karminova
sme pomocou programu Microsoft Excel vypocitali aj jednotlivé zmieSané spektra. Pri
pohlade na obr. 3 je vidiet, Ze v nameranom spekire si pasy kyseliny karminovej
vyraznejsie. Zhoda, ktora nastala, ma pomerne dobrt tendenciu, nakolko poloha pasov
vo vypocitanom spektre vyhovuje polohe pasov v nameranom spektre. Odlisnosti nastali
len v pomere pasov, ktory nie je tiplne zachovany.

absorbancia

0,4

0,0 T T T T T T T T T
4000 3500 3000 2500 1800 1600 1400 1200 1000 800 600

vilnocet [Cln’l]

Obr. 3: Porovnanie nameraného (Cierna) a vypocitaného (Cervend) FTIR spektra
pre obsah AG 3 mg a KK 5 mg

2.2 Charakteristika kyseliny karminovej pomocou UV-Vis spektroskopie

UV-Vis spektroskopia je jedna zo zakladnych analytickych metdd, ktord sa zaraduje
medzi elektromagnetické spektroskopické metédy. Meranie touto metédou spociva
v prechode elektromagnetického Ziarenia v intervale 200-800 nm roztokom vzorky
a sledovani absorpcie tohto Ziarenia.

Kyselina karminova (1-10# mol I!) rozpustend vo vode s danym obsahom arabskej
gumy (AG, 0-1,5 hm.%) bola exponovand strednotlakovou ortutovou vybojkou. Doba
expozicie bola 300 minut pre roztok kyseliny karminovej vo vode bez arabskej gumy
a vo vode s 0,5 hm.% arabskej gumy a 180 minut pre vodny roztok kyseliny karminovej
51,0 hm.% a 1,5 hm.% arabskej gumy. V case prerusenia expozicie boli merané UV-Vis
spektra, na ktorych bol sledovany pokles absorbancie v oblasti absorpcného maxima
(493 nm). Na meranie transmisnych spektier roztokov kyseliny karminovej sme pouzivali
kremennt kyvetu s hribkou 1 cm. S rasticou dobou expozicie bolo mozné sledovat
odfarbovanie vzorky v dosledku fotochemickej degradacie kyseliny karminovej. Priklady
nameranych UV-Vis spektier niektorych vzoriek st zobrazené na obr. 4 a obr. 5.
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Obr. 4: Zmeny v UV-Vis spektrich kyseliny karminovej vo vode bez AG v dosledku jej
expozicie strednotlakovou ortutovou vybojkou
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Obr. 5: Zmeny v UV-Vis spektrich kyseliny karminovej v 1,5% roztoku AG v ddsledku jej

expozicie strednotlakovou ortutovou vybojkou

Pre nazornejSie porovnanie priebehu degradacie v jednotlivych vzorkdch bola
spracovand zavislost absorbancie od ¢asu (obr. 6). Nasledne boli pomocou rovnice (1)
prepocitané hodnoty absorbancie v jednotlivych ¢asoch A(t) na konverziu X(t). Veli¢ina

A(0) predstavuje hodnotu absorbancie vzorky pred expoziciou (v ¢ase t = 0).

X(t) =1-A(£)/ A(0) 1)
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Obr. 7: Zivislost konverzie jednotlivyjch vzoriek od doby expozicie

Ako je zrejmé z obr. 6 a obr. 7, pritomnost arabskej gumy vo vodnom roztoku
kyseliny karminovej urychlila priebeh jej degradacie, pricom rychlost degradacie rastla
50 zvySujucim sa obsahom arabskej gumy. Pritomnost arabskej gumy ma teda negativny
vplyv na fotochemicku stabilitu kyseliny karminovej (tab. 1).
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Tabulka 1: Porovnanie priebehu degraddcie v roztokoch kyseliny karminovej s roznym obsahom AG

Obsah AG Amax A, Agomin Xsomin tiow tso%
[%] [nm] [-] [-] [%] [min] [min]
0,0 492 0,582 0,470 19,2 27,0 170,5
0,5 493 0,526 0,282 46,4 6,2 70,7
1,0 493 0,529 0,252 52,4 4,9 54,8
1,5 493 0,534 0,228 57,3 3,5 49,0

Amax- vlnova dlzka s maximom absorbancie

Ao — absorbancia v ¢ase 0 min

Aso— absorbancia po case 60 min

Xeo — pokles absorbancie po ¢ase 60 min (konverzia)
tio% - ¢as, v ktorom poklesla absorbancia o 10 %

tso% - ¢as, v ktorom poklesla absorbancia o 50 %

2.3 Deprotonizacia kyseliny karminovej

Pomocou UV-Vis spektiroskopie boli odmerané spektra roztokov Kkyseliny
karminovej pri réznom pH (obr. 8). Farba roztoku kyseliny karminovej aj tvar UV-Vis
spektra vyznamne zavisia od pH roztoku (obr. 9). Pozadované pH bolo zabezpecené
tlmivymi roztokmi. Na zdklade UV-Vis spektier sme stanovili konstanty pKa kyseliny
karminovej.

3,0

NaOH

0 ~N O

absorbancia

T T T T - -
300 400 500 600 700
vinova dizka [nm]

Obr. 8: UV-Vis spektra kyseliny karminovej v NaOH, HCI a prislusnych tlmivijch roztokoch
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Obr. 9: Roztok kyseliny karminovej s pH = 3 (nal'avo) a pH = 8 (napravo)

Stanovenie konstanty pKa kyseliny karminovej nie je jednoduché, nakol'ko sa jedna
o zloziti molekulu, ktord obsahuje okrem —COOH skupiny aj -OH skupiny, ktoré tiez
moézu podliehat deprotonizacii. Preto ani v UV-Vis spektrach nemo6zeme identifikovat
jeden izosbesticky bod, ale viac priesecnikov, a teda systém je charakterizovany viacerymi
konstantami. V praci [2] je popisand metdda stanovenia disociac¢nej konstanty na zaklade
pomeru absorpcie pri dvoch vinovych dizkach v roztokoch s réznym pH. Po vyneseni
tohto pomeru voci pH sa ziska krivka a hodnota pK sa stanovi z inflexného bodu.
Z pomerov absorbancii pri réznych vinovych dizkach je mozné vypotitat pre jednu
zlicéeninu aj viac hodnoét. Pomocou pomeru absorbancii pri 490 a 350 nm (Aa190/Ass0)
a pri 550 a 490 nm (Asso/Ass) boli vypocitané hodnoty pKi = 5,9 a pKz = 8,15. Na zaklade
hodnét uvedenych v praci Favara [3] predpokladame, ze pKi prislicha —OH skupine,
ktora je na C6 (tato je najviac vzdialena od -COOH skupiny), zatial ¢o pK2 -OH skupine
na C3 alebo C8 (obr. 10).

Obr. 10 Stanovenie pK1 (napravo) a pKz (nalavo) z UV-Vis spektier kyseliny karminovej
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4 Zavery

Pomocou FTIR spektroskopie boli namerané FTIR spektra kyseliny karminovej
a arabskej gumy. Identifikovali sa pasy nachadzajice sa v spektre kyseliny karminovej
anasledne boli priradené jednotlivym funkénym skupinam. Hlavné dva pasy, vdaka
ktorym je mozné odlisit spektrum kyseliny karminovej od arabskej gumy sa nachadzaja
pri 1720 cm-! (priradené karboxylovym kyselindm) a pri 1570 cm-! (aromatické zlticeniny).
Tieto dva pasy st najlepSie pozorovatelné pri vi¢Som obsahu kyseliny karminovej, ale je
mozné ich vidiet a identifikovat aj pri jej nizSom obsahu (1:6). Pri spektrach, ktoré boli
vypocitané pomocou spektier Cistej kysliny karminovej a arabskej gumy doslo k dobrej
zhode s nameranymi spektrami.

Metddou UV-Vis spektroskopie sme dokazali, Ze poloha absorpéného maxima nie
je zavisla od obsahu arabskej gumy, nakolko absorpéné maximum vo viditelnej oblasti
sa nachadza pri vinovej dizke 492-494 nm tak ako u jej vodného roztoku, tak aj u
roztokoch s réznym obsahom arabskej gumy. Maximum v UV oblasti sa nachadza pri
vinovej dizke 278 nm.

Prestudoval sa priebeh fotochemickej degradacie kyseliny karminovej pri jej
expozicii strednotlakovou ortutovou vybojkou. Pridavok arabskej gumy urychlil jej
degradaciu, rychlost degradacie vzrastla asi 3x.
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1. Introduction

Malt is one of the basic raw materials used in the production of beer and whiskey.
Furthermore the malt is used for production of e.g. ethanol, lemonades, pastry and is also
used in confectionery. In the Czech Republic, the market encountered especially with the
lager beers, which are made from barley malt. At present there is a rising popularity of
special and wheat beers. Barley and wheat malt productions are based on different grain
processing technology and even they have a different sensory properties [1, 2].

Malt production for brewing purposes is based on various modifications of cereals.
These are mainly the procedures such as steeping, germination and kilning [3]. These
cereal adjustments regulate the activity and biosynthesis of enzymes and act on
composition of the extract [4]. The concentration of aromatic compounds greatly depends
on malt kilning. Aromatic substances are transformed and evaporated during this process.
During kilning step there is created a pleasant taste and aroma of malt and simultaneously
unpleasant taste and aroma of green malt are removed. Compounds forming malt aroma
and flavor are especially acids, alcohols, aldehydes, ketones, esters, and heterocyclic
compounds containing oxygen, nitrogen or sulfur. Furthermore products of Maillard
reactions and even other reactions are contributed to aroma profile as well. During kilning
there are also degraded fatty acids, lipids of grain to produce a series of substances having
generally unpleasant aroma. Maillard response in light malts is not so significant contrary
to dark malts. In this case there are produced more intermediates, which are converted to
aromatics in the brewing process. These include e.g. ketosamines (Amadori products)
[5-7].

Malts like the other plant materials is a complex matrix, so it is difficult to isolate
sensory active substance. To obtain the overall flavor profile, experiments are focused on
the isolation and pre-concentration of volatile substances. A suitable method for getting a
large amount of aromatic compounds seems to be solid phase microextraction from
headspace (HS-SPME). It is a method of saving the time and any solvent consumption [8,
9]. The technique of SPME is still more and more used and the fields of application have
been continuously growing, including a wide range of food analysis, namely the volatile
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composition of wines beers, honeys, and teas. The technique gained growing acceptance
and increasing use in routine laboratories and industry [10].

The purpose of the Design of Experiment (DOE) method is to change the conditions
of measurements in order to obtain optimal procedure for the experiment and also get
information on the properties and behavior of materials. Each plan should include the
number of steps of the experiment, the conditions of individual experiments and order
tests. Planning objectives of the experiment are then to quantify the level of significance of
each of the factors, that affect and determine the levels of these important factors, so that
the experiment was optimal and stable [11].

2. Experimental
2.1 Instrumentation

For the extraction of volatiles from the malt samples was used a 50/30 pm
DVB/CAR/PDMS fiber and holder for manual sampling (both Supelco, Bellefonte, PA,
USA) were used. The target compounds were identified by computer matching with
commercial mass spectral libraries and by evaluation of retention indices related to n-
alkanes. A Shimadzu gas chromatograph (GC 17A) equipped with a DB-5MS capillary
column (30 m x 0.25 mm x 0.25 um, J&W Scientific, Folsom, CA, USA) coupled with mass
spectrometer detector QP-5050A with quadrupole mass spectrometer (both Shimadzu,
Kyoto, Japan) was used during the study. As the carrier gas was used ultrapure helium
(Linde Gas a. s., Praha, CZ) at a linear velocity of 30 cm/s. The injector temperature was
250 °C and the HS-SPME desorption time was 1 min. For injection was the variable split
ratio (1:6 or 1:3) was used. The oven temperature program was: 35 °C (held for 2 min) and
then increased to 270 °C at 6 °C/min). The mass spectrometer was operated in the electron
impact (EI) ion source mode at 70 eV. The transfer line and the ion source temperatures
were set at 230 °C.

The MS data were compared with the libraries of mass spectra NIST, WILEY and
FFNSC. From the chromatographic data retention times were used for calculations of the
retention indices, which were compared to online databases of NIST and the VCF and
data in MS libraries. To assess the optimal conditions was used STATISTICA 12 (Dell Inc.,
Round Rock, TX, USA).

2.2 Samples

The first half of the samples malts were given from floor malt house in Zahlinice
(The Czech Republic) and the second half of the samples were given of brewery Primator
(Nachod, The Czech Republic). Both of these contractors provide both types malts samples
(barley and wheat). In this study 10 malt samples of various ages, types and from different
manufacturers were analyzed.
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2.3 Extraction procedure

In this arrangement of the experiment sample and fiber are not heated together
during the extraction. The sample is immersed in a heated water bath, whilst the fiber is
located in the headspace, which is for the sorption of volatile substances on fiber far
preferable. The parameters that influence the effectiveness of HS-SPME for analysis of
volatile compounds in brewing malts samples were optimized. The whole optimization
had two steps. The experimental design of Plackett-Burman identified significant factors
for the experiment and Centrally Composite Design of Experiments (CCD) and serving to
estimate the best experimental conditions.

2.4 Design of Experimet by Plackett-Burman

A total of 11 factors were selected for DOE by Plackett-Baurmana. The upper (+1)
and lower (-1) levels of these factors were arranged in 12 experiments (Table 1), from
which the most effective experiment was performed in triplicate. Selected factors and two

levels are defined in Table 2.

Table 1: Design of Experiment by Plackett-Burman

Factor
Experiment

A B C D E F G H I J K
1 1 -1 1 -1 -1 -1 1 1 1 -1 1
2 1 1 -1 1 -1 -1 -1 1 1 1 -1
3 -1 1 1 1 1 -1 -1 -1 1 1 1
4 1 -1 1 1 -1 1 -1 -1 -1 1 1
5 1 1 -1 1 1 -1 1 -1 -1 -1 1
6 1 1 1 -1 1 1 -1 1 -1 -1 -1
7 -1 1 1 1 -1 1 1 -1 1 -1 -1
8 -1 -1 1 1 1 -1 1 1 -1 1 -1
9 -1 -1 -1 1 1 1 -1 1 1 -1 1
10 1 -1 -1 -1 1 1 1 -1 1 1 -1
11 -1 1 -1 -1 -1 1 1 1 -1 1 1
12 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1 -1
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Table 2: Selected factors and their levels of Plackett-Burman Experiment Design

Factor -1 1
A Grinding NO YES
B Weight of Sample lg 3g
C Addition of Salt without Addition 30 g/100 mL
D pH Adjustment Without Adjustment Adjusted to pH 2 (CHsCOOH)
E Shaking Os 10s
F Temperature of Incubation 30°C 80 °C
G Time of Incubation 5 min 20 min
H Temperature of Extraction 30°C 80 °C
I Time of Extraction 5 min 30 min
] Time of Desorption 15s 1 min
K | Volume of the Liquid Phase 2mL 6 mL

(H) Tmmpamaturscf Exmaction 8 20
(1) Time of Exbraction .81

D=

(F) Tamparatuze of Incubation
(]) Tim 2of Deserption
(B)weiznt
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(G) Tim e cf Incutation
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(K) Velum 2 26 liguid Fhaze
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S
s
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p=0.03

Figure 1: Pareto diagram with marked level of significance (p = 0.05) for the total number of

substances

Plackett-Burman’s evaluation was held by the STATISTICA 12 software, where the
results were entered into the Pareto chart (Figure 1 and 2). First chart (Figure 1) shows the
significance of factors for obtaining the greatest number of peaks. From this point of view
factors like extraction temperature, extraction time, adjusting the pH and temperature of
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incubation were find to be significant at p value 0.05. These four important factors were
further optimized using Central Composite Design of Experiments. Optimal values of the
remaining factors were established using a one-dimensional experiment (volume of the
liquid phase 5 ml, 5 seconds shaking, incubation time 15 minutes, without adjusting the
ionic strength, desorption time of 1 min, and sample weight 3 g).

Second Pareto chart is focused on the significance of factors in view of the total area
of the peaks. Crushing has proved the most important factor, because the further
optimization was carried out using only malt crushed. It is evident that with the exception
of the shaking time all selected factors are significant for the total area of the peaks. These
dependencies must be taken with caution as the significance of factors that may have
influenced some of the most intense peaks with a large surface.

e o

(F) Temperatureof Incubation —2955
(B) Weight _2 1.79 ]
(D) g2 D -21.76

(G) Timaof Incubation ! A9.09
|-10.37 ]
(J) Time of Deserption |8.27 ]
(C) =l 16.60
(I) Time of Extraction: |5.32
(E) Shaking |i2.41 3
p=0.03

Figure 2: Pareto diagram with marked level of significance (p = 0.05) for the total peak area

2.5 Central Composite Design of Experiment

Optimization of pH, extraction temperature, extraction time and temperature of
incubation, as important factors of the experiment carried out according to Table 3, where
the points 1-8 and 11-18 are experiments of factorial design and the points 2128 are star
points. Experiments marked with letter C (9, 10, 19, 20, 29 and 30) characterized the
repetition in the center.
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Table 3: Experimental CCD matrix of the design optimization of the important factors SPME
experiment

Experiment ) pH Temper-ature of Time of E.xtraction Temper?ture of
Adjustment Extraction (°C) (min) Incubation (°C)
! 3 45 15 75
2 3 45 35 45
3 3 75 15 45
4 3 75 35 75
5 5 45 15 45
6 5 45 35 75
7 5 75 15 7
8 5 75 35 45
9C 4 60 25 60
10C 4 60 25 60
11 3 45 15 45
12 3 45 35 75
13 3 75 15 75
14 3 75 35 45
15 5 45 15 75
16 5 45 35 45
17 5 75 15 45
18 5 75 35 75
19C 4 60 25 60
20C 4 60 25 60
21 2 60 25 60
2 6 60 25 60
23 4 30 25 60
24 4 90 25 60
25 4 60 5 60
26 4 60 45 60
27 4 60 25 30
28 4 60 25 %
29C 4 60 25 60
30C 4 60 25 60

Evaluation was carried out using STATISTICA 12, which resulted in a total six of
response surfaces. These areas represent the correlation of various factors and generate the
suitability of 10 compounds for which the optimization is evaluated.

It was necessary to find a compromise between conditions suitable to obtain the
largest number of substances and conditions suitable for an adequate response (Table 4).

229



Table 4: Optimal conditions as a result of the evaluation of CCD for two different dependent
variables (response of 10 substances, and the total number of peaks)

Optimal conditions for the response 10 of selected compounds — the result of CCD

independent Adjusting Temperature of Time of Temperature of
variable the pH Extraction Extraction Incubation
optimum value 2 70 °C 40 min 30 °C
Optimal conditions for obtaining the greatest number of substances — the result of CCD
independent Adjusting Temperature of Time of Temperature of
variable the pH Extraction Extraction Incubation
optimum value 4 90 °C 30 min 90 °C
Selected the optimum for finding compromise between as many materials and adequate
response
independent Adjusting Temperature of Time of Temperature of
variable the pH Extraction Extraction Incubation
optimum value 2.5 90 °C 40 min 90 °C

2.6 Optimization of fixed extraction temperature

All extractions were performed in 20 mL glass vials sealed with PTFE-faced septum
caps (Supelco, Bellefonte, PA, USA). The analyzed sample (3 g) was transferred into the
sampling vial and was added 5 ml of sulfuric acid solution of pH 2.5. After mixing on a
shaker was vial with suspension placed in a hot air oven, where took place incubation at
90 °C for 15 minutes. Immediately after incubation the vial was transferred into a water
bath on the basis of a heated also to 90 °C where it was started HS-SPME for 40 min. Then
was cleaned the SPME fiber at Hamilton syringe cleaner after desorption of the analytes
from the fiber in the spraying space GC-MS instrument.

2.7 Optimization of two extraction temperatures

The extraction temperature was evaluated at 90 °C by optimizing as appropriate.
This temperature is rather high, which influence may occur the desorption of analytes
back into the headspace from the fiber. It was therefore appropriate to include a second
lower temperature. The optimum extraction time was chosen as 40 minutes. The question
remains how this time shared between two extraction temperatures. Was therefore carried
out a series of measurements with different time ratios (10:30; 15:25; 20:20; 20:15; and 30:10
min) of two extraction temperatures of 90 and 10 °C. The evaluation based on the number
of peaks, see Figure 3. Time ratio 20:20 min two extraction temperature was based as
optimum. Also, comparison of the two chromatograms testifies to the suitability of a
combination of two extraction temperatures. Red is here marked area where the
chromatogram was enriched with the more volatile materials in the combination of two
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extraction temperature in the ratio 20:20 min, while in the case of extraction at a fixed
temperature of 90 °C top chromatograph is depleted of substances with lower boiling
points.

The procedure was exactly the same as for the extraction at a fixed temperature with
the difference that the extraction was divided into two steps. First, the vial with adjusted
sample was transferred from the hot air dryer to a water bath at 90 °C, where the
extraction took place for 20 minutes. From there, the whole vial with the fiber was
displaced to another water bath at 10 °C, where the extraction continued for another
20 minutes. Desorption and purification were again the same as in the prior extraction.

Number of peaks
[\ w Py W [*)) 3
S & & & & o

—
(=}

(=]

10:30 15:25 20:20 25:15 30:10
Time ratio (min : min) of temperature 90 °C and 10 °C

Figure 3: Total number of peaks depending on the time ratio (min : min) at 10 °C and 90 °C

3 Conclusion

By HS-SPME method under optimal conditions and the inclusion of two
combinations of extraction temperatures in one step were analyzed two types of malts
from two different suppliers were analyzed. For a more precise identification was based
not only on libraries MS spectra were calculated but also the retention indices and these
were compared with available databases. For a sample of barley malt, which provided
brewery Primator was detected 51 compounds, and 7 of them had not been identified. For
wheat malt from the same well of the brewery Primator was able to detect 57 compounds
and 16 of them had not been identified. For barley malt produced floor malt house in
Zahlinice were detected 63 compounds and 19 of them had not been identified. Wheat
malt from Zahlinice contained 82 compounds and 34 of them could not be identified.
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1 Introduction

Phospholipids are naturally occurring surface active agents, self-aggregating into
lipid vesicles (liposomes). Liposomes are suitable for encapsulation both hydrophobic and
hydrophilic compounds, therefore can be potentially used as a component of drug
delivery system. The determination of their properties play important role in the
development of these new drug delivery systems.

Steady-state fluorescence techniques represent powerful tool for determination of
great variety of phospholipids vesicles properties. Phase transition temperature is one of
the most important characteristics of liposomes. It is commonly determined by means of
calorimetric technics!. Prodan derivative laurdan is due to presence of lauric acid chain
tightly anchored within the membrane. The naphthalene moiety of laurdan, which is
located near to lipids headgroup area, is sensitive to the polarity of local environment.
Upon excitation increases its charge separation, which causes surrounding solvent dipoles
reorientation. This decreases the probe's excited state energy. Thus, laurdan emission
spectrum is influenced by the presence of water molecules in the vicinity of laurdan
naphthalene moiety. By analyzing generalization polarization of laurdan emission spectra
as a function temperature we obtained equally reliable results as in the case of calorimetry
techniques? 3.

The aggregation behavior of lipid molecules can be studied using polarity sensitive
fluorescence probes such as pyrene or perylene. The pyrene emission polarity index is
calculated from the pyrene emission spectra. The dependence of pyrene emission polarity
index on the lipid concentration has sigmoidal character. Its point of inflection
corresponds to critical aggregation concentration of the lipid. On the other hand, perylene
fluorescence from polar environment is really weak. Thus, the dependence of total
integral of perylene emission spectra on lipid concentration has increasing character, and
critical aggregation concentration is found as a break in this increase.

1,6-diphenyl-1,3,5-hexatriene (DPH) fluorescence anisotropy measurements can be
utilized for investigation of lipid order. DPH allows obtaining information about physical
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changes in membranes through measurement of degree of membrane fluidity. The
essence of fluorescence anisotropy is hidden in determination of the molecular
orientational order and reorientational dynamics of the fluorescent probe in the core of the
membrane bilayer*.

2 Experimental

Phospholipids were dissolved in chloroform. After evaporation of the chloroform,
water was added to achieve a phospholipid concentration of 1 g dm= and the solution
was sonicated for 60 minutes at 45 °C.

Then, different fluorescence probes dissolved in acetone were pipetted into vials to
achieve a final fluorescence probe concentration in the order of magnitude 107 M. After
evaporation of the acetone, stock solution of phospholipid was added to these vials.

Samples were measured by fluorescence spectroscopy using a Fluorolog HORIBA
Jobin Yvon instrument after 24 hours of agitation.

2.1 Materials

6-Dodecanoyl-2-Dimethylaminonaphthalene (Laurdan); 1,6-diphenyl-1,3,5-
hexatriene (DPH); pyrene; perylene, 4-(4-(Dihexadecylamino)styryl)-N-Methylpyridinium
Iodide (DiA); 3,3'-Dioctadecyloxacarbocyanine Perchlorate (DiO), Lecithin, 1,2-
dipalmitoyl-sn-glycero-3-phosphatidylcholine (DPPC).

2.2 Microcalorimetry studies

The microcalorimetry studies were done using thermal activity monitor TAM III (TA
Instruments, New Castle, Deleware, US). 2.5 g of phospholipid stock solution was placed
into the disposable crimp seal ampoules. Samples were equilibrated for 15 min at 25 °C.
The scanning rate was set to 2 °C/h. Measurements were carried out in the temperature
range 25-60 °C.

2.3 Laurdan generalized polarization

The characteristics of laurdan emmision spectrum describing the presence/absence
of water molecules in the vicinity of laurdan molecule may be expressed by the
generalized emission polarization value (GP)5.

GP = L430 = Lago M)
Lygo + Loy

where Iuo and Isso are the fluorescence intensities measured at 440 nm and 490 nm
(Parasassi, 1990, 1998) because laurdan emission maxima at 440 nm and 490 nm occur in
gel phase and in a liquid-crystalline phase, respectively>s. The phase transition
temperature was determined from the first intersection of three straight-line segments
fitting the laurdan GP versus temperature plots.
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2.4 DPH fluorescence anisotropy

The samples were excited at 355 nm and the DPH emission was measured at 435 nm
with slit adjusted to 5 nm. Every measurement was repeated at least ten times to achieve
standard error lower than 2 %. Effective lipid order parameter (Ser) was calculated as

b

follow?”:

r
S, =
0.4

where r is the observed anisotropy and 0.4 represents the intrinsic anisotropy (ro) of the

@

molecule, which refers to the anisotropy observed in the absence of other depolarizing
processes such as rotational diffusion or energy transfers.

2.5 Pyrene emission spectra evaluation

Pyrene emission spectra were measured in the range of 360-540 nm with an
excitation wavelength of 335 nm. From these spectra, the emission polarity index (EmPI)
was obtained from the ratio of the fluorescence intensities of the first (373 nm) and third
(383 nm) bands®. Fluorescence intensities of the excimer band (470 nm) and monomer
band (373 nm) were used to calculate the excimer:monomer ratio (Ex:Mo).

The dependence EmPI on the phospholipid concentration was then fitted by means
of a Boltzmann sigmoid curve and the critical aggregation concentration (CAC) was
obtained as its point of inflection.

2.6 Perylene emission spectra evaluation

Perylene emission spectra were measured in the range of 430-550 nm with an
excitation wavelength of 410 nm. Total integral of these spectra was as a function of lipid
concentration determined. CAC was obtained as a point of intersection of two straight
lines fitting data.

2.7 DiA and DiO emission spectra evaluation

DiA and DiO emission spectra were measured in the range of 500-650 nm with an
excitation wavelength of 460 nm and 485 nm, respectively. Total integral of these spectra
was as a function of lipid concentration determined. CAC was obtained as a point of
intersection of two straight lines fitting data.

3 Results and discussion

Comparsion of phase transition temperature of DPPC obtained by means of
microcalorimetric technique and Laurdan GP is shown in the Figure 1. The dependence of
Laurdan GP on temperature was fitted by three straight lines and the phase transition
temperature was obtained as a first point of intersection. Measured values of phase
transition temperature were quite similar: 42.06 °C and 41.92 °C using microcalorimetry
and Laurdan GP, respectively.
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The degree of lipid chain order in DPPC vesicles was studied by DPH fluorescence
anisotropy. Anisotropy reached a value of 0.33, which corresponds to effective lipid order
parameter of 0.91. If we compare these results with those from literature’” where the
complex model lipid constructs were studied, then we can conclude, that lipid chains in
DPPC vesicles are quite ordered.
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Figure 1: Normalized heat flow and Laurdan GP as a function of temperature, in DPPC vesicles
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Figure 2: Total integral of DiA, DiO and Perylene emission spectra as a function of Lecithin
concentration

Figure 2 illustrates the dependencies of total integral of DiA, DiO and perylene
emission spectra on lecithin concentration. We observed high similarity of these
dependencies and obtained CACs (listed in Table 1) despite of different character of these
three fluorescence probes. DiA and DiO have hydrocarbon chain and headgroup
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anchored in the vicinity of lipid polar headgroups, meanwhile perylene has hydrophobic
character, therefore is located in the acyl chain region.
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Figure 3: Pyrene EmPI and Ex:Mo as a function of Lecithin concentration
Pyrene EmPI and Ex:Mo as a function of lecithin concentration is shown in the
Figure 3. CAC obtained as a point of inflection of Boltzmann curve fitting data was

slightly higher than those obtained by means of DiA, DiO and Perylene (Table 1).

Table 1: Lecithin CAC measured using different fluorescence probes

Fluorescence probe CAC (g dm'3)
DiA 15.6
DiO 17.3
Perylene 15.9
Pyrene 26.7
Average 189+53

4 Conclusion

Phase transition temperature, lipid order parameter and lipid aggregation were
studied by means of steady-state fluorescence techniques. Phase transition temperature
was observed at nearly the same temperature as using microcalorimetry. According to
results of DPH fluorescence anisotropy measurements, lipid chains in DPPC vesicles are
quite ordered. Second part of this work was concerned on lecithin aggregation study
using different fluorescence probes. Results of CAC were nearly same, only in the case of
pyrene CAC was slightly higher.
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1 Introduction

In recent times, the global effort is made to find such a source of energy which
would replace the use of fossil fuels for another, possibly renewable technology. Biomass
is the most common form of renewable energy and there are several ways how to obtain
it!. Biomass combustion counts among basic technological procedures. Another way of
biomass processing comprises of gasification techniques, which leads to production of
combustible gas mixture usable in cogeneration devices.

Mixed Phenolic Alkyl Heterocyclic Larger
o i PAH
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Figure 1: Scheme of Tar Maturation?

One of the most important advantages of these thermo-chemical conversion
processes is represented by their CO: balance. These processes contribute no "new" carbon
dioxide to the atmosphere and therefore can be considered as a relatively pure way of
energy generation. However, there are still some potentially harmful substances formed
as for example fine dust particles, inorganic nitrogen and sulphur compounds. Residual
amounts of various organic compounds, especially phenols, volatile compounds (BTEX),
organic acids, alcohols, esters and polycyclic aromatic hydrocarbons (PAH) cause
difficulties both in combustion and gasification facilities and in the environment, too.
These substances condense as a complex mixture known as tar. Tar composition depends
on many factors, e.g. on the fuel type, its humidity and the operating temperature (see
Figure 1). From this reasons it is essential to develop preparative and analytical methods
for tar analysis in order to optimize tar production processes and increase the economical
and ecological potential of this technology?.
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2 Experimental

The tar samples for the analysis were taken from the experimental combustion unit
GEMOS 110 kW at the Energy Institute of Faculty of Mechanical Engineering of BUT. The
tar produced by combusting of various biological materials (wood chips, chipboard, sorrel
and cereal straw) was collected in special cooled system of impinger bottles half-filled
with acetone. This method is described as recommended in Tar Protocol*. The samples
used for the analysis are listed in Table 1.

Table 1: Overview of samples collected for the analysis

Probe number Fuel Type Combustion Temp. [°C]
1 wood chips 830
2 wood chips 770
3 wood chips 830
4 chipboard 780
5 sorrel 820
6 cereal straw 780

2.1 Sample preparation

The choice of preparative method strongly depends on the properties of target
compounds. BTEX and phenolic compounds are characterized by their volatility, therefore
the samples were just filtered through paper filter (80 g m?) to remove suspended particles
and diluted with acetone in the ratio 1:5.

On the other hand, to make the analysis of PAH possible, only the specific fraction of
condensate was selected. Like in the case of BTEX and phenols, the samples were first
filtered through the paper filter. Then the pretreatment on the column chromatography
was conducted. The columns were filled with fine silica gel (mesh 60 A, activation time
3 hours at 180 °C). Small amount of silica gel was mixed in the vial with 1 ml of sample
and the solvent was evaporated carefully under the nitrogen stream. Tar accumulated on
the silica gel particles was transported to the upper part of the column. Light
hydrocarbons as e.g. alkanes which would interfere with PAH during analysis were then
washed out by 10 ml of hexane, consequently the fraction contenting PAH was eluted by
50 ml of hexane-dichloromethane mixture (1:1), while the polar fraction remained fixed on
the silica gel. To the eluate 100 pl of undecane was added as a keeper and the mixture was
vacuum-evaporated. Finally, the thickened sample was dissolved in 3 ml of isooctane and
analysed using gas chromatography coupled by mass spectrometry.

2.2 Analysis of samples

Two methods were developed for the gas chromatographic analysis of the samples.
BTEX and phenolic compounds were determined on the DANI Master device equipped
with capillary column Supelco SLB-5MS (30 m, i. d. 0.25 mm, thickness of the stacionary
phase 0,25 um) and flame ionization detector. The method had following parameters:
column temperature program: 70 °C for 1 min. To 100 °C at 3 °C/min, then to 300 °C at
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20 °C/min, hold for 5 min; injector: split, 1:10; injector temperature: 280 °C; detector
temperature: 310 °C; injection volume: 0.5 pl; carrier gas: hydrogen.

The other GC method used an Agilent 6890N gas chromatograph equipped with
primary column Supelco SLB-5MS (30 m, i. d. 0.25 mm, thickness of the stacionary phase
0.25 um) and secondary column SGE BPX50 (1.29m, i. d. 0.1 mm, thickness of the
stacionary phase 0.1 um). The method had following parameters: primary column:
column temperature program: 50 °C for 1 min. To 220 °C at 10 °C/min, then to 300 °C at
5 °C/min, hold for 12 min; secondary column: column temperature program: 60 °C for
1 min. To 230 °C at 10 °C/min, then to 310 °C at 5°C/min, hold for 12 min; injector:
splitless; injector temperature: 280 °C; transfer line temperature: 280 °C; injection volume:
1 pl; carrier gas: helium. For the detection of analytes the LECO Pegasus III TOF MS was
used with following parameters: ion source: electron ionisation (70 eV); ion source
temperature: 250 °C; detector voltage: 1 750 V; m/z range: 50 to 400; scanning frequency:
100 spec./min.

The compounds were identified quantified by comparing with retention time of
standards and their peak area. In case of GC-MS the reference spectra were used for
precise determination, too.
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Figure 2: Amount of polycyclic aromatic hydrocarbons in tar samples

4 Conclusion

Within the scope of this pilot study the amount of BTEX, phenolic compound and
PAH was determined. Gas chromatography represents suitable and relatively quick
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method of chemical analysis. However, the different behavior of the compounds demands
specific way of preparation for each group of them. Therefore the simple preparative and
analytical methods for analysis of tar samples were introduced.

From the BTEX the most abundant were benzene and toluene. From the assessed
phenolic compound only phenol was present in significant amounts in the samples.
Column chromatography used as a pretreatment step showed up the average efficiency of
66.7 %. The most detected compound of PAH was represented by naphtalene, which
amount exceeded one third of total PAH amount in all samples determined by GC-TOF-
MS. With increasing molecular mass of PAH decreased their abundance in samples, as
expected. Concetrations of PAH in the tar samples are showed in the Figure 2. However,
from the obtained results no evidence of connection between composition of tar and the
fuel type can be seen.

There is no doubt about the negative impact of substances produced by biomass
combustion and gasification on the human health and the environment. Therefore is
needed to be engaged of potential hazards and risks of these technologies.
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Infectious diseases still remain the main cause of morbidity and mortality among hu-
mans, especially in developing countries. Plants remain the main source of biologically
active substances with great bioavailability, low toxicity, less resistance and various mech-
anisms of action. Therefore, their application in the treatment of microbial infections has
gained much interest in research field. In this study, we evaluated selected invasive plants
and their main bioactive compounds for their antimicrobial activity against Helicobacter py-
lori, herpes simplex virus type 1 (HSV-1), hepatitis C virus (HCV), Staphylococcus aureus,
Candida albicans as well as antiurease activity. Antimicrobial activity was determined by the
broth microdilution method. Urease activity was evaluated using mass spectrometry-APCI
technique. Ecballium elaterium and Cirsium arvense were the most active plants with antimi-
crobial properties against all tested microbs. Cucurbitacin B was the most active isolated
compound with remarkable antimicrobial and antiurease activities. In conclusion, we sug-
gest that Ecballium elaterium and Cirsium arvense have potential therapeutic applications in
the treatment of infectious diseases.

Keywords: invasive plants; bioactive natural products; infectious diseases; enzyme in-
hibition.
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1 Introduction

The study of interaction between hyaluronan and surfactant were subject of several
previous studies. Due to negative hyaluronan charge almost all of them used cationic
surfactants. Phase behaviour of systems containing alkyltrimethylammonium bromides
(8-16 carbons), hyaluronan, water and salt (mostly NaBr) were investigated by Thalberg
et al.'-> The NMR, methods of phase separation, conductivity, solubilization of dyes etc.
were used. Thalberg found that there is a certain cationic surfactant concentration above it
marked formation of hyaluronan-surfactant complexes can be observed. Increasing salt
concentration prefers free micelles in comparison than formation of hyaluronan-linked
micelles.  Fluorescence probes (pyrene, nile red) and tensiometry® were used for
determination of critical aggregation concentration (below the critical micellar
concentration) of hyaluronan-surfactants system in physiological solution. Yin et al.” used
pyrene fluorescence to investigate interactions of high molecular weight hyaluronan with
anionic sodium dodecyl sulphate, nonionic Cremophor EL and Tween 80 in water.

In this paper, we report the results of fluorescence study, especially steady-state
measurement of fluorescence anisotropy, with perylene and fluorescein in the cationic
micellar solution of CTAB above the critical micellar concentration after the addition of
low molecular weight hyaluronan. The fluorescence anisotropy can be used for
determining the viscosity in the nearby area of the molecule fluorescent probes. This
method characterizes the extent of linear polarization of fluorescence emission, resulting
from photoselection from an optically isotropic sample.

2 Experimental

2.1 Materials, preparation of samples

Cationic surfactant cetyltrimethylammonium bromide (CTAB) of the best available
purity was purchased from Sigma-Aldrich and used as received. Hyaluronan of low
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molecular weight (90-130 kDa) was purchased from Contipro Biotech s.r.o0. Czech
Republic. Stock solution of hyaluronan in water was prepared in concentration 0.3 g I-' by
slowly adding solid hyaluronan into water under stirring, followed by 24 h stirring in
closed vessel to ensure complete dissolution. Stock solution of CTAB in water was
prepared in concentration 5 mmoll'. Fluorescence probes perylene (Fluka) and
fluorescein (Sigma-Aldrich) were also used without further purification. Stock solution of
perylene was prepared in acetone and stock solution of fluorescein was prepared in
methanol. All chemicals used were analytical grade. Water used to prepare all solutions
was doubly destilled (Milipore Academy).

At first, the stock solution of perylene/fluorescein was added to the glass vials and
then the acetone/methanol was evaporated. The final concentration of this probe in
samples was 2 x 10-6 mol I-. Then, the solutions of CTAB and hyaluronan were added in a
particular ratio (0-50 vol. % of hyaluronan solution). In the sample with 10 vol. % of
hyaluronan solution, the ratio of micelles/hyaluronan chains is 150/1, for sample with
50 vol. % hyaluronan, the same ratio is 16/1. The samples were left on a shaker for 24
hours at room temperature. Individual samples were blended three times. The excitation
and emission spectra, intensity of fluorescence, steady-state anisotropy of fluorescence
and lifetime of the samples were measured.

2.2 Instrumentation

The steady-state measurements of fluorescence (excitation and emission spectra,
fluorescence anisotropy) were carried out on a luminescence spectrophotometer Fluorolog
(HORIBA Jobin Yvon) with 150-W xenon lamp as the excitation. Anisotropy
measurements were realized in L-format instrumental configuration and an automatic
interchangeable wheel with Glan-Thompson polarizers. The value of fluorescence
anisotropy was determined as

IVV - GIVH

r= , 1
Iy +2Gl,,, )

where the subscripts of the fluorescence intensity values (I) refer to horizontal (VH) and
vertical (VV) orientation of polarizers. The G factor (instrumental correcting factor) was
automatically determined by the software supplied by the manufacturer. The integration
time was chosen to 2 s. The anisotropy measurement on the one sample was carried out
five times and the result was average value of anisotropy. Individual samples were
blended three times. For samples with perylene, the excitation wavelength was set to
410 nm and emission was elected to 440 nm, for samples containing fluorescein, the
excitation wavelength was set to 480 nm and emission was set to 520 nm. Temperature of
the sample chamber was set on 25 °C.
Total fluorescence intensity of the sample was evaluated according to equation

fotar = 1y, + 21\, ¥

The lifetime was measured on TCSPC lifetime spectrofluorometer Fluorocube from
HORIBA Jobin Yvon. The samples containing perylene were excited by the NanoLED
diode 389 nm (pulse width 1.2 ns) and the emission was observed at 440 nm. The samples
with fluorescein were excited by the NanoLED diode 455 nm with pulse width 1.2 ns and
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the emission monochromator was set on 520 nm. The lifetime was measured at orientation
of polarizers in magic angle and peak preset was set to 10 000 counts. Temperature of the
sample chamber was set on 25 °C.

3 Results and discussion

3.1 Micellar hydrophobic interior

In order to obtain information about structural changes of micellar interior after the
addition of hyaluronan to the CTAB solution, we have carried out fluorescence anisotropy
measurement with hydrophobic probe perylene, which is essentially insoluble in water.
Perylene has been often used to evaluate microviscosity of hydrophobic core of ionic? and
nonionic® micelles, due to its high limiting anisotropy (10 = 0.369)1, high fluorescence
quantum yield (0.94 in cyclohexane)! and low fluorescence lifetime (4.60 ns in
chloroform)2. Perylene behaves as nonisotropic rotor considering its planar disk-like
molecule'®.

Figure 1 shows the results obtained for anisotropy of fluorescence and total intensity
of fluorescence of perylene in micellar medium as a function of volume of hyaluronan
solution in the sample. As can be seen, total fluorescence intensity in the samples which
contain hyaluronan, is roughly constant and it is little bit smaller than clear CTAB
solution. The anisotropy of fluorescence slightly increasing, this fact is probably caused by
reduction of micellar size.
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Figure 1: Steady-state anisotropy of fluorescence and total intensity of fluorescence of perylene in
CTAB solution as a function of volume of hyaluronan solution in the sample.

Perylene has one lifetime © = (5.801 + 0.014) ns in all samples, thus presence of
hyaluronan in CTAB solution did not affect its lifetime. Also Figure 2 shows the

246



normalized excitation and emission spectra of perylene in micellar solution of CTAB and
mixture 50/50 CTAB/hyaluronan solution. As we can see, the presence of hyaluronan in
solution of CTAB did not affect the spectra of perylene.
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Figure 2: Normalized excitation and emission spectra of perylene in CTAB solution and mixture
50/50 CTAB/hyaluronan solution.

3.2 Micellar interface

To obtain structural and microviscosity changes at micellar interface induced by
presence of hyaluronan, we have carried out measurements of fluorescence anisotropy of
fluorescein solubilized in micellar solution of CTAB. Anionic character of fluorescein
ensures its micellization on the surface of positively charged CTAB micelles due to
electrostatic interactions. In fact, several spectroscopic studies previously reported have
shown that the fluorescein molecules are solubilized in the inner part of Stern layer of
CTAB micelles'*. Accordingly, changes in fluorescein anisotropy of fluorescence reflect
changes in structure/microviscosity at the micellar surface.

Figure 3 shows the results obtained for fluorescence anisotropy and total
fluorescence intensity of fluorescein in micellar solution of CTAB as s function of volume
of hyaluronan solution in the sample. As can be seen, total fluorescence intensity is
roughly constant. Compare to that, the value of anisotropy of fluorescence significantly
increases from 20 vol.% of hyaluronan solution in the sample, which indicates that the
micellar surface is affected by hyaluronan addition — microenvironment near the
molecules of fluorescein has higher and higher viscosity.

In the samples, fluorescein has one lifetime t = (4.371 + 0.004) ns in all samples, so
presence of hyaluronan in CTAB solution did not affect its lifetime. Figure 4 shows
comparison of the normalized excitation and emission spectra of fluorescein in micellar
solution of CTAB and mixture 50/50 CTAB/hyaluronan solution. As we can see, the

presence of hyaluronan in solution of CTAB did not affect the spectra of fluorescein like
its lifetime.
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Figure 3: Steady-state anisotropy of fluorescence and total intensity of fluorescence of fluorescein in
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Figure 4: Normalized excitation and emission spectra of fluorescein in CTAB solution and mixture
50/50 CTAB/hyaluronan solution.
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4 Conclusions

Using analysis of photophysical response of two fluorescence probes located in
different region (hydrophobic core and surface) of CTAB micelles, we have obtained
information about its microstructural changes after the addition of hyaluronan.

It is observed, that the addition of hyaluronan to micellar solution of CTAB affected
structural changes of microenvironment near the molecules of both fluorescence probes,
which are reflected at increasing values of fluorescence anisotropy simultaneously with
increasing amount of hyaluronan in solutions.
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1 Introduction

Streptococcus equi subsp. zooepidemicus (SEZ) is classified in Lancefield's group C and
is a primarily opportunistic pathogen of a wide variety of domesticated species. The
studied SEZ ATCC 35246 strain is the pathogen most commonly isolated from horses.
Some of these strains are known as hyaluronic acid (HA) producers. Hyaluronic acid is an
important biopolymer (polysacharide) in vertebrates. Strains of streptococci are able to
produce HA in the form of extracellular capsule as the one of the virulence factors. The
investigation of SEZ gene expression provides opportunities to understand its
pathogenesis mechanism (http://www.ncbinlm.nih.gov/pmc/articles/PMC3187426/). Real-
time polymerase chain reaction (rtPCR) has become the preferred method for studying
gene expression [1]. The study of gene expression profiles is commonly performed by
relying on ¢cDNA microarray technique. However rtPCR often serves to validate the data
obtained by other methods [2, 3]. It is considered to be the most sensitive, specific and fast
allowing measurement of genes even with very low expression. [4, 3]. To reach its
maximum analytical potential, it is necessary to introduce appropriate normalization and
validation methods. [5, 3]. Key element of correct interpretation of rtPCR data is correct
selection of the reference gene, i.e. such gene, which expresses steadily during the selected
period of time.

2 Experimental

2.1 Materials and methods

Total RNA was isolated from the overnight culture of Streptococcus equi subsp.
zooepidemicus strain ATCC 35246 and CO4A with UltraClean® Microbial RNA Isolation Kit
(MoBio). Samples were picked at four cultivation times (4h, 8h, 12h, 16 h) in three
biological replicates.
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Quality and quantity of RNA were estimated by UV-VIS (Cary 50, Varian) and by
analysis on Experion™ platform (BioRad). The cDNA was generated by High-Capacity
cDNA Reverse Transcription Kit (Life Technologies).

Ten genes with the most stabile expressions were chosen based on data from the

previous DNA array experiments (Table 1). The primers for rtPCR were designed in
Primer-BLAST  (http://www.ncbi.nlm.nih.gov/tools/primer-blast/) with the following
parameters: product size 50-150 bp, primer size 18-22 bp, melting temperature

58,5-61,5°C, GC content 40-60 %, no primer secondary structures, no non-specific

products.

Table 1: List of the potential reference genes and their function in the cell

Primer sequence Amplicon Amplicon
Gene Function o length
(reverse/forward) Tm [°C]
[bp]

SeseC_00096 TGGTTCACGCCTGTGTCTTT  \pix hydrolase 78,14 80

GCTGGGCCAACCCTCTTTAT
4-diphosphocytidyl-2-

SeseC_00097:ispE GCTTGTCCTCTTGGGTGGTT C-methyl-D-erythritol 77,99 131

ACCTGCCTCAATGGCTGAAA kinase
galactose-6-

SeseC_00549:1acB AGGTTTCTGGCATTCGCTCA phosphate isomerase 79,48 110
CTCGCCTGTGATTTTACCGC subunit LacB

SeseC_00725:ileS CGGTAACAGCTTCTCGTGGT LSOA?#(;)Q;LRNA 78,44 101
CAGTCCTTCTGCCACCACAT 4

SeseC_00767 GAGCAGACAAGGCAGGAGTT trLar:Z(;rSlztrlonal 77,69 75
AGGGTGCTCTACCTCCACAT P

SeseC_00768 GCAGGGCTTGGTGCTGTAATA hypothetical protein 77,25 82
AGCTCAATACCAGCCCTCCT

SeseC_02327:mscS ACTCAAGTGCGAGGCTTTGA ::r;;%hnaer;osri?;irt]ive ion 75.90 81
GCCGCGTGATTTGTTGCTAA P

SeseC_02508:mviM CCCTCGATAAGCTCGCAAGG oxidoreductase 78,29 96
CTACAGTCAGGTAGCAGGCG

SeseC_01348gyrA GGTTTCAATCTCGGTGCGTG DNA gyrase subunit A 77,09 89
CCTTGGTGATGGGACGTTCA

SeseC_01041gyrB TACTGCTATGGGGACAGGCT DNA gyrase subunit B 78,73 95
CCCCATCGACATCTGCATCA

Real-time PCR was performed in 8-tube strips on 96-well plate in volume of 10 ul.
Power SYBR®Green PCR Master Mix kit (Life Technologies) was used. The amplification
started with 10 minutes at 95 °C for AmpliTaq Gold® Polymerase activation followed by

40 cycles

of denaturation at

95°C for

15 seconds and

annealing/extension at 60 °C for 60 seconds (Table 2).
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Table 2: Parametrs of the rtPCR method

Stage Temperature [°C] Time [min] Comments
. o Activation of the AmpliTaq
Holding stage 95°C 10 Gold® DNA Polymerase
95°C 15 Denaturation

Cycling stage
60°C 1 Annealing/Extending

All samples were analyzed in two technical replicates. The obtained data were
processed and analyzed in ExpressionSuite Software (Life Technologies) and Excel
(Microsoft) including Genorm add-on [6].

2.2 Results and discussion

The highly pure total RNA was isolated from SEZ samples in concentrations not less
than 150 ng/pl. The A2e0/A2s0 ratios and the results from Experion™ analysis confirmed
high quality of RNA and its applicability for further cONA synthesis. According to the
initial rtPCR optimization step the synthesized cDNA was subsequently diluted 500-fold
to the final volume of 1000 pl.

All primer pairs underwent melting temperature analysis for specificity
determination. In all cases the melting curves had the same shape as shown on Figure 1
confirming high specificity of primers and absence of any secondary structures and non-

specific products.
Melt Curve

Derivative Reporter (-Rn)

Tomperaure (0
Figure 1: Melting curve of SeseC_02327:mscS gene rtPCR. The sample was taken at 4% hour of
cultivation, two technical replicates were made. The shape of curve with only one peak confirmed
the absence of primer dimers and secondary structures of primers or non- specific product. Axis
X — temperature (°C), Axis Y — Derivative reporter (-Rn)
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Ct value

Average of Ct values

The reliability of data was also confirmed by great convergence of biological
replicates, as it shown on Figure 2.

Expression time profile of SeseC_0327:mscS gene

17
16,9
16,8
16,7
16,6
16,5

16,4 -1 biological replicate
16,3 T -2 b¥010g¥cal rephcate
3 biological replicate

16,2
2 4 6 8 10 12 14 16 18
Time [h]

Figure 2: Expression time profile of SeseC_0327:mscS gene in three biological replicates.
Samples were taken at 4h, 8h, 12h and 16h. Expression changes are similar in all three replicates.

The analysis of candidate genes expression in Excel resulted in the graph shown on
the Figure 3. The constant value of expression level of potential reference gene (straight
line, in other words) cannot be expected, mainly due to variance in sample preparation.
Instead, the genes with the similar expression trend are looked for, as the steadily
expressed genes should change similarly along the time. According to the Figure 3 those
are SeseC_00097:ispE, SeseC_00767, SeseC_01348:gyrA and SeseC_02327:mscS.

Average of Ct values of the biological replicates

17,2 —o—SeseC_00096

17 ~o—SeseC_00097:ispE
16,8 SeseC_00549:1acB
16,6 SeseC_00725:ileS
16,4 =o—SeseC_00767
16,2 *SeseC_00768

16 —o—SeseC_01041gyrB
15,8 —e—SeseC_01348gyrA
15.6 =o—SeseC_02327:mscS
15,4 —o—SeseC_02508:mviM
152

2 4 6 8 10 12 14 16 18

Time [h]
Figure 3: Expression time profiles studied genes. Samples were taken at 4h, 8h, 12h and 16h.
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Additionally, the data obtained from rtPCR were processed in Genorm add-on,
where expression variance is calculated. It is expressed by M value, which stands for
average expression stability value. Lower M-value means more stable expression, higher
M-value means less stable expression of the gene. According to the authors of this
software, there is a threshold of this value for appropriate reference gene selection. If M is
higher than 1.5, then the gene is not suitable to be a reference gene. The treshold could be
user-determined for each aplication, but appears that M = 1.5 is the most appropriate in
most cases. All candidate genes have extremely low M-value not exceeding 0.2 (figure 4).
In fact, that means that all of them could be used as reference genes. Nevertheless, based
on data both from Genorm and our own calculations and observations only three genes
were selected as reference for our further studies: SeseC_02327 (mscS, NCBI gene ID
14004807), SeseC_00767 (NCBI gene ID 14003568), SeseC_01348 (gyrA, NCBI gene ID
14004035).

Average expression stability values of candidate genes
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Figure 4: Average expression stability candidate genes.

3 Conclusion

Three potential reference genes have been determined: SeseC_02327 (mscS, NCBI
gene ID 14004807), SeseC_00767 (NCBI gene ID 14003568), SeseC_01348 (gyrA, NCBI gene
ID 14004035). We have chosen gyrA gene as reference for our further gPCR experiments
with Streptococcus equi subsp. zooepidemicus strains ATCC 35246 and CO4A.
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1 Introduction

In the past decade, magnetic nano- and microparticles have been widely employed
for numerous biomedical and biological applications. The complexation of nano- and
microparticles with DNA to form magnetoplexes is even more attractive in view of the
potential applications in gene magnetofection, DNA isolation and bio — analysis. When
the surface is modified with positively charged ligands, nano- and microparticles can
adsorb negatively charged nucleic acids through electrostatic interactions.! The
polymerase chain reaction (PCR) has become an essential and indispensable tool for
biological research and laboratory diagnostic applications2. However, numerous
substances have been demonstrated to inhibit PCR3. Although a wide range of inhibitors
is reported, the mechanisms and ways of action of many remain unclear*. The inhibitors
generally make cause at one or more essential ways: (1) interfere with the cell lysis, which
influences DNA extraction; (2) interfere by nucleic acid degradation; (3) inhibit
polymerase activity. The problem of pure DNA (PCR-ready DNA) isolation can be
resolved by means of various isolation and purification techniques3.

The aim of this work was to compare the application of magnetic poly (L-lysine)
(PLL) modified iron oxide nanoparticles and hydrophilic magnetic non-porous poly(2-
hydroxyethyl methacrylate-co-glycidyl methacrylate) - P(HEMA-co-GMA) microspheres
for DNA isolation from food supplements.

2 Materials and methods

2.1 Chemicals

DNA isolated from bacterial cells of Lactobacillus gasseri K7 from Collection of
microorganisms, Chair of Dairy Science, Biotechnical Faculty, University of Ljubljana,
Slovenia. Agarose was purchased from Top-Bio (Prague, Czech Republic), ethidium
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bromide from Sigma (St. Louis, USA). The PCR primers were synthesized by Generi
Biotech (Hradec Kralové, Czech Republic), Taql.1. polymerase was from Top-Bio (Prague,
Czech Republic). The DNA marker (100 bp ladder) for gel electrophoresis was from
Malamité (Moravské Prusy, Czech Republic). Magnetic P(HEMA-co-GMA) and poly
(L-lysine) (PLL) modified iron oxide nanoparticles were prepared using methods
published earlier® 7. Specification of probiotic food supplements and magnetic particles
are shown in Table 1 and Table 2, respectively. The other common chemicals and solvents
were of analytical grade.

Table 1: Specification of food supplements

Suplement Microorganisms Declared Auxiliary Form
cfu/capsule compounds
Linex® Forte Lactobacillus acidophilus 2x 10° dextrose, inulin, capsule
(LA-5), microcrystalic
Bifidobacterium animalis, cellulose
Bifidobacterium lactis oligosacharids,
magnesium stearate
Pangamin Lactobacillus - milk, soluble tablete
acidophilus, fibre,inulin, evening
Bifidobacterium lactis primrose oil
Saccharomyces
cerevisiae
Lactobacily Forte L. acidophilus, L. 10x 10° Maltodextrine, capsule
rhamnosus, B. infantis, L. fructooligosacharids,
plantarum, L. casei , B. gelatin, magnesium
longum, Streptococcus stearate, ascorbic acid
thermophilus, B. breve
Lactomax L.acidophilus, L.bifidus, 10x 10° Niacin, vitamine B6, capsule
L.bulgaricus, riboflavin, thiamine

L.caucasicus,
L.rhamnosus

Table 2: Specification of magnetic microparticles

Magnetic Fe Dn -NH, PDI
particles (%) (mM/g)
P(HEMA-co- 11 1.27 ym 1.79 1.04
GMA)
F79/L3-PLL 69.8 6.2 nm 0.28 1.37

Dn — number average particle diameter, PDI-polydispersity index (ratio of weight- to number-average
particle diameter)

2.2 Equipment

Spectrophotometric measurements of DNA were carried out on a UV
spectrophotometer NanoDrop ND-2000/2000c (Thermo Scientific, Wilmington, USA).
Magnetic particles were separated using an InvitrogenTM magnetic particle concentrator
(Invitrogen Dynal AS, Oslo, Norway). The DNA in PCR mixtures was amplified in an
Termocycler PTC-200 (BIO-RAD Laboratories, Richmond, USA). Agarose gel
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electrophoresis was carried out using equipment for electrophoresis Owl Easy-cast, model
B1 (Thermo Scientific, Wilmington, USA), source voltage Enduro Power supplies, model
E0303 (Labnet International, New York, USA). PCR products were visualised on a UV
transilluminator TVR 3121 (Spectroline, Paramount, USA).

2.3 DNA isolation from food samples

Content of 1 capsule of food supplements or cells from 1 ml culture were washed
and resuspended in 1.5 ml of lysis buffer (10 mM Tris—-HCl, pH 7.8, 5 mM EDTA, pH 8.0,
lysozyme 5 mg x ml-), for 1 hour. Crude cell lysates were prepared using 12.5 ul of 20%
SDS, 10 pl of proteinase K (1 mg/ml) and incubation at 55 °C for 3 hours.

DNA was extracted from the crude cell lysates of food products using next
procedures, briefly: a total 100 ul of crude cell lysate,

a. 50 pl poly (L-lysine) (PLL) modified iron oxide nanoparticles (0,1 mg x ml), 100 pl
phosphate buffer (0.067 molxlt KH2POs, 0.067 molxl' Na2HPO4*2H20, pH 7.6) or 400 ul
40 % PEG 6000, 400 pl 5 M NaCl (end concentration 16 % PEG 6000 and 2.0 M NaCl) and
50 pl of sterile water.

b. PHEMA-co-GMA) (2 mg x ml™), 400 ul 40 % PEG 6000, 400 ul 5 M NaCl PEG 6000 and
2.0 M NaCl) and 50 pl of sterile water.

Mixtures were incubated for 15 min at laboratory temperature. The DNA captured
to the microspheres was washed by 1000 ul and 300 ul of 70% ethanol and eluted,
phosphate buffer (pH 8) for 30 min, TE buffer (10mM Tris-HCI, 1ImM EDTA, pH 7.8) ,or
TE buffer with 10mM KCI (pH 9) at 90 °C in the case of poly (L-lysine) (PLL)
nanoparticles or 50 ul of TE buffer the case of P(HEMA-co-GMA) (2 mg x ml?),
microspheres. The concentration of isolated DNA was estimated spectrophotometrically.
Conventional phenol extraction procedure was used as control. Quality of extracted DNA
was checked spectrophotometrically, agarose gel electrophoresis and by PCR.

2.4 PCR amplification and detection of PCR products

Bacterial DNA eluted from magnetic microparticles (1 ul) was used as DNA matrix
in PCR. PCR was performed using F eub a R eub primers specific to the domain Bacteria’,
(466 bp long DNAamplicons). Typically, the PCR mixture contained 1 ul of each 10 mM
dNTP, 1 pl (10 pmol x pl?) of each primer, 1 ul of DNA matrix, and 1 ul of Taq 1.1
polymerase (1 U x ul?), 2.5 ul of buffer, and PCR water was added to a final 25 ul volume.
After 5 min of the initial denaturation period at 94 °C, amplification was carried out in
30 cycles of 30 s at 94 °C; 30 s at 55 °C, and 60 s at 72 °C. In the last cycle, the elongation
step at 72 °C was prolonged to 10 min. PCR products were separated using agarose gel
electrophoresis on 1.5% agarose gel in TBE buffer (45 mM boric acid, 45 mM Tris-base, 1
mM EDTA, pH 8.0). DNA was stained using ethidium bromide (0.5 ug x ml-1).
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3 Results and discussion

Tested particles were applied for DNA isolation from following food supplements:
Linex forte, Laktobacily forte, Pangamin and Lactomax (Table 2). Selected food
supplements are complex matrices containing inhibitors (colorants, cellulose, Ca?* ions
etc.)* which can interfere in polymerase chain reaction. The amounts of DNA isolated
from the real samples are given in Table 3. From presented results it follows, that P
(HEMA-co-GMA) particles provide the highest yields of the isolated DNA compared with
nanoparticles covered by PLL. TE buffer, TE buffer containing KCl and phosphate buffer
were tested for DNA elution. The highest amounts of isolated DNA were found if TE
buffer with KCl was used as elution agent in the case of PPL magnetic nanoparticles.

Table 3: The amount of isolated DNA (ng x ul-1) from real samples by tested methods

Nanoparticles covered by PLL/adsorption/elution

Phenol P(HEMA- :
Method extraction co-GMA) mixture (buffer)
PEG
6000/NaCl PEG 6000/NaCl Phosphate
TE+ Phosp TE + Phosp
Supplements TE TE KCl hate TE Kel hate
Linex Forte 92.9 41.5 15.5 25.0 141 4.8 10.9t 14.2
La°;°ba°"y 434 34.8 50 194 66 32 10.7 7.7
orte
Pangamin 97.6 63.5 17.7 18.6 23.5 5.2 19.0 7.3
Lactomax 95.3 38.7 8.3 16.8 9.7 11.8 20.7 18.2

The composition of adsorption/elution mixtures are givem in chapter 2.3.

The quality of the eluted DNA from real complex samples was verified by PCR with
primers specific for the domain Bacteria. The specific PCR products 466 bp size (domain
Bacteria) were detected in all samples. Different intensity of detected amplicons coincides
with different amount of eluted DNA from the real samples. The quantity and quality of
DNA corresponds the requirements PCR amplification. The detection results of the PCR
product are shown in Figure 1 and Figure 2.
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Figure 1: Agarose gel electrophoresis of PCR products obtained after amplification of DNA isolated
from probiotic food supplements using magnetic microparticles P(HEMA-co-GMA) and
nanoparticles PLL using PEG/NaCl. Lanes 1-4: DNA isolated using P(HEMA-co-GMA): (1) —
Linex® Forte, (2) — Lactobacily forte, (3) — Pangamin, (4) — Lactomax; Lanes 5 - 8: DNA isolated
using PLL (TE buffer) (5) — Linex® Forte, (6) — Lactobacily forte, (7) — Pangamin, (8) — Lactomax;
Lanes 9-12: DNA isolated using PLL (TE buffer + KCI) (9) — Linex® Forte, (10) — Lactobacily
forte, (11) — Pangamin, (12) — Lactomax; Lanes 13-16: DNA isolated using PLL (Phosphate
buffer) (13) — Linex® Forte, (14) — Lactobacily forte, (15) — Pangamin, (16) — Lactomax; lane 17:
positive control; lane 18: DNA standard; lane 19: negative control
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- 1500
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Figure 2: Agarose gel electrophoresis of PCR products obtained after amplification of DNA isolated
from probiotic food supplements using magnetic nanoparticles PLL using phosphate buffer. Lanes 1
— 4 TE buffer: (1) — Linex® Forte, (2) — Lactobacily forte, (3) — Pangamin, (4) — Lactomax; Lanes
5-8: (TE buffer + KCI) (5) — Linex® Forte, (6) — Lactobacily forte, (7) — Pangamin, (8) —
Lactomax; Lanes 9-12 Phosphate buffer: (9) — Linex® Forte, (10) — Lactobacily forte, (11) —
Pangamin, (12) — Lactomax; lane 13: positive control DNA (L. gasseri K7); lane 14: DNA
standard; lane 15: negative control
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4 Conclusion

It was shown that the DNAs isolated from food supplements using tested magnetic

particles were in PCR-ready quality and could be used for conventional PCR applications.
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1 Introduction

Despite the negative perception of the community, pesticides are still going to be
used for many decades to ensure the food supply for the ever growing world population.
One of the most important ways how to improve the efficiency of pesticides and minimize
their impact on off-target living systems is through increasing the penetration of active
ingredients into plant foliage!.

The absorption of minerals by leaves of plants was demonstrated experimentally 100
years ago*3. The numerous works studied the uptake of mineral ions, fungicides,
pesticides, etc. Root absorptions of nutrients were replaced by foliar fertilizers, which
became the new method of absorption of the plant beneficial substances. Absorption by
living folic cells of any foliar applied chemical (mineral nutrients, growth regulators,
pesticides, antibiotics) must be proceeding by transcuticular penetration*.

For these studies they use top and/or bottom part from the plant leaves — cuticles. It
is the first barrier with many important functions (respiration, regulation of water,
regulation of ions, penetration of nutrients, etc.). The permeability of the cuticle
membrane for ions, herbicides, and pesticides has been discussed in several papers>7. The
foliar uptake of active ingredients is a complex process and depends on the leaf surface of
plant, physicochemical properties of the chemicals structure or properties of cuticles!. An
important role for the nutrient absorption plays the concentration of the additives as well
as the environmental conditions. Wang and Liu' summarized the major progress of the
foliar fertilization especially during the last 15 years. They wanted to clarify the pesticide
uptake into plant foliage and influence of adjuvants.

The cuticles were obtained by two isolation methods — chemical and enzymatic
methods. Enzymatically isolation methods (EIM) were demonstrated by Chayen® and
Hohl°, who used pectin enzymes as the macerating agents in anatomical and cytological
studies. Orgel? tried to develop a simplified cuticle isolation procedure, which is based on
the usage of commercially available pectin enzymes. Chemically isolation methods
(CHIM) were demonstrated by Holloway and Baker!, who used zinc chloride-
hydrochloric acid solution. Edgington'> was inspirited by this isolation method and he
used isolated cuticles for his transcuticular movement of fungicides.
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Our work is focused on the study of the cuticle morphology and their utilization for
diffusion experiments. For these experiments, we used leaves of Prunus laurocerasus,
which were characterized as strong and rigid. Results presented in this paper open the
new view on the compounds penetration through plant cuticles and their usage for
commercial application.

2 Experimental

2.1 Material

For this work was used following materials.
Enzymatically isolated plant cuticles:
¢ Citric buffer (citric acids, sodium citrate),
* Enzymes (pectinase, cellulose),
* Disinfections (sodium aside).
These materials were purchased from Sigma-Aldrich (Germany).

We stripped the rims from leaves of Prunus laurocerasus and prepared leaves were
given into the square container with cover and volume 500 ml. These leaves were fixed by
grid, to avoid floating to the surface of leaves. The fixed leaves were covered by 60 wt. %
zinc chloride (ZnClz) dissolved in 35 wt. % hydrochloric acid (HCI). The container was
covered, to avoid evaporation of solution and it was maintained at 25 °C. After 2 days
leaves were transferred into the container with the distilled water for rinsing. After that
cuticles were prepared for characterization.

Chemically isolated plant cuticles:
* Zinc chloride,
* Hydrochloric acids.
These materials were purchased from Sigma-Aldrich (Germany).

We stripped the rime from leaves of Prunus laurocerasus and prepared leaves were
given into the container again. The leaves were fixed by grid, to avoid floating to the
surface of leaves. This method is based on the 0.1 M citrate buffer solution by pH 3.5-4.5
and concentration of pectinase and cellulose enzymes was 5 wt. %. Then, sodium azide
was added to the buffer solution in the container as disinfection agent. The container was
covered, to avoid evaporation of solution and it was maintained at 25 °C for 7 weeks.
Then the cuticles were washed gently by distillated water. The cuticles were prepared for
the characterization.

Further study materials:

* Potassium lignohumate.
These material was received from Amagro s.r.o.
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2.2 Methods

Measuring of Fluorescence Lifetime Imaging Microscopy

Isolated plant cuticles were cut on the squares (1.5 x 1.5 cm) and those were placed
on microslides and they were covered by glass slide. Prepared samples were used for
measuring by FLIM and the study of fluorescence lifetime groups present on plant
cuticles. Cuticles were studied at different conditions — air, water and 0.5 wt. % LHA.
Samples were measured at specified intervals — day after isolation, 1 to 3 days effect of
LHA and after 11 days effect of LHA). This method was used for assessment of the
stability of cuticles at different conditions and their abilities of interaction with LHA.

Measuring of Isothermal Microcalorimetry

Isolated plant cuticles were used for studies of interaction between substances (air,
water and LHA) and cuticles. For these experiments, wet or dried cuticles were used. First
experiment was based on fresh isolated cuticles, which were placed in ampoules with
different conditions (air, water and 1 wt. % LHA). This experiment showed that cuticles
and LHA interact together (pilot measurement).

The second experiment was based on dried cuticles, which were dried at 30 °C for 24
hours. These cuticles were placed in 4 ml measuring ampoules, which were filled with
different concentrations of LHA solution (1 wt. %, 0.5 wt. % and 0.1 wt. %). The third
experiment was based on study of clear condition. The ampoules contained water, 1 wt. %
LHA and 0.5 wt. % LHA.

First two experiments served for studies of interactions between different conditions
and wet/dried cuticles. The last experiment enables to clarify, that LHA is suitable matters
for this research and where it has not impact on measurements. Experiments were
performed measured at 25 °C.

Measuring of Optical and Fluorescence Microscopy

Optical microscopy is a simple technique for studying the structure of the thin layers
for study of structure of thin layers and their partition on top and bottom cuticles. Optical
microscopy enables the first observation of cuticle state and its conditions for the
following experiments. The cuticles were placed on the microglass and they were covered
by the microslide. The experiments were performed with fresh cuticles and cuticles, which
were exposed to 0.5 wt. % solution of LHA for 1, 2, 3 and 11 days respectively.

The fluorescence microscopy is a method used for the study of cuticle structure. The
important thing is that fluorescence of cuticles is spontaneous without usage of any
common fluorescent. This characterization can be used for elementary research. Leaves
used for diffusion processes cause changes of emission light by compounds present in
cuticles and enable to determine depth of penetration of chosen materials.

Experiment for optical microscopy was based on the fresh isolated cuticles which
they were exposed to water and air. For fluorescence microscopy we used the whole
leaves which were placed in water solution 1 wt. % LHA.
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3. Results

Fluorescence Lifetime Imaging Microscopy

This method studied fluorescence lifetime of groups present on cuticles. From
obtained data, the average values were determined for measured time and also the
deviation. Graph (Fig. 1) shows stability of cuticles under air condition. They have the
same behaviors after 11 days in the present environment. This is very important fact for
further experiments.

5 mday of isolation
140 mafter 2 days
4 T Dafter 9 days
. Dafter 11 days
g 3
£
E 2
=
1
0

time (day)
Fig. 1: Lifetime of fluorescence groups under air condition.
Water is a natural environment for the cuticles, but we would like to know, how

isolated cuticles behave under this condition and if there is no degradation in time or if
there is any influence on properties of cuticles.

5 B day of isolation
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4 1 mafter 2 days
Dafter 9 days
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time (day)
Fig. 2: Lifetime of fluorescence groups in water condition.
From Fig. 2, it is obvious, that there is no change of fluorescent lifetime of cuticles in

time. It can be seen that there is no degradation after 11 days and it is possible to use them
for diffusion experiments. Moreover, we can show that the data for air and water
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conditions are very similar, also cuticles are stable in this environment and we can use this
material for the transport experiments.

The last graph (Fig. 3) shows cuticles under LHA conditions after 11 days. There is
an exponential decrease of fluorescence lifetime. From data we can show exponential
decrease of fluorescence lifetime groups in cuticles in measured time. From the graph is
possible conclude the positive interaction between potassium lignohumate and cuticles. It
is possible to conclude that there is interaction between K-LH and cuticles. The knowledge
of fluorescence life time can help us to understand foliar uptake of fertilizers.

5 mday of isolation
4,4

W after 2 days

Dafter 9 days

(S8}

25 Dafter 11 days
2,0

Lifetime (ns)
[’S]
H

—_

time (day)
Fig. 3: Lifetime of fluorescence groups in LHA condition.

Isothermal Microcalorimetry

This method serves as a comparison to FLIM measurement. The first measurement
was the one, where cuticles with air and water do not react (constant line), but cuticles
under 1 wt. % LHA condition showed increasing heat flow, also we can deduce specific
interactions between the investigated maters. It brought the idea for further experiment
(Fig. 4). The cuticles were put into the ampoules and the ampoules wee then filled with
water and different LHA solutions (1, 0.1 and 0.05 wt. %).

14 ——cuticle + 1,0% LHK
cuticle + 1,0% LHK
12 ——cuticle + 0,1% LHK
cuticle + 0,1% LHK
10 ——cuticle + 0,05% LHK
cuticle + 0,05% LHK

Heath flow (uW)

60 80 100 120

Time (hour)

Fig. 4: Isothermal microcalorimetry — cuticles and different concentration of LHA (1 wt. %,
0.1 wt. % and 0.05 wt. %).
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Moreover, the important finding is the time of the interaction, which it is in range 42
to 70 hours. This fact explained the ability of cuticles uptake.

Optical and Fluorescence Microscopy

The optical microscopy was used for assessment top or bottom cuticles (Fig. 5) and
for studies of their structure or possible changes in the structure of cuticles by using LHA.
For chemically isolated cuticles were made same images. Used method is not so useful for
the determination of changes in structure of cuticles using LHA.

Fig. 5: Bottom cuticle (left) and top cuticle (right) for EIC.

Fluorescence microscopy (Fig. 6) enabled to establish spontanous fluorescence of
cuticle or the whole leaves, which is possible by the nutrients uptake. Leaves were placed
into the container with 1 wt. % LHA. From measuremnt were detected the fluorescence
change on the cuticles in the time. Also, we can revealed, positive interaction between
LHA and cuticles.

Fig. 6: Bottom EIC — change of fluorescence lifetime degradability in time (1, 2 and 3 days).

4 Conclusions

This work is focused on the morphology of the cuticles and their usage by foliar
uptake. For this purpose, several methods were used. FLIM is the method, which it
revealed establish LHA interactions with the cuticles. The results from FLIM
measurements were correlated with the data obtained from microcalorimetry, which
acknowledged the binding between the cuticles and LHA and moreover, it completed the
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start of substance penetration, which was used by diffusion experiments. For the first

characterization optical and fluorescence microscopy were used. Optical microscopy is a

suitable method for disaggregation the cuticles on top/bottom of leaves. Fluorescence

microscopy was used for observation of the uptake of LHA and clarification of

spontaneous fluorescence, which can be used in following experiments. The results

obtained from this work will be used for future experiments, which focus on the plant

uptake of nutrients.
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1 Introduction

Hyaluronan is a biopolymer characterized as essential for living organisms of
various complexity (microorganisms or vertebrates). It is a linear biopolysaccharide
composed of D-glucuronic acid and N-acetyl-D-glucosamine linked by a {3-1,4 glycosidic
bond (Figure 1)%2.

0=~ O OH
H—-0 O Ho O
HO © L OH
OH NH
O:<
CHs

Figure 1: Structure of hyaluronan biopolymer

It is a part of the extracellular matrix in tissues and also a major component of a
variety of other tissues. In the organism it has mechanical functions but it is important for
many biological processes too?. One typical example is its contribution to the proliferation
of tumour cells. Therefore, many studies involve drug delivery system with hyaluronan as
a carrier>>. The majority of already utilized or potential drugs have a hydrophobic
character. In contrast, hyaluronan is a highly hydrophilic polymer. Due to this fact
hyaluronan does not interact with these chemicals without additional support.

Generally two strategies are used to tackle the problem — to prepare a modified
hyaluronan or hyaluronan-drug conjugate®. Chemical modification can affect the
biological functions and biocompatibility of hyaluronan. An alternative is to use
hyaluronan-surfactant complexes formed by physical (electrostatic and hydrophobic)
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interactions. However, due to the negative charge of hyaluronan, cationic surfactants
should be used which have general cytotoxic effects though somewhat moderated in the
presence of hyaluronan? 8.

Literature discusses the existence of “hydrophobic patches” on the hyaluronan
chain®. These areas could be used to bind non-polar substances directly onto the native
hyaluronan chain. Hyaluronan as is described widely in literature!® ' has on the other
side a thick hydratation layer. This results in protection of the hydrophobic areas against
binding of non-polar compounds. Therefore, desired interactions must be supported by
opening this shell. For these purposes the freeze-drying method was utilized as a way to
remove the hydration layer and make the binding sites available.

2 Experimental

The process of freeze-drying runs at laboratory temperature and low pressure.
Individual components are solubilized in a solvent and the sample is frozen.
Subsequently, after the freezing is complete, the sample is heated at low pressure and the
solvent is sublimated!?. In our case the widely used non-aqueous co-solvent medium (tert-
butanol) was used in the combination with water'? 14, This co-solvent was used to support
the dissolving of hydrophobic substances and with process of drying also.

Hydrophobic polarity-sensitive fluorescence probes were used as hydrophobic
models or indicators of interactions with hydrophobic hyaluronan patches. Perylene and
prodan were selected for these purposes. By monitoring of their specific fluorescence
parameters the presence of desired interactions was judged. The fluorescence parameters
were studied by steady state fluorescence spectrometry.

Perylene is a strongly hydrophobic fluorophore, which does not dissolve in polar
solutions at all and perylene in water does not provide fluorescence signal'®>. Therefore,
the polarity of the environment was monitored by the intensity of fluorescence. Prodan,
on the other hand, dissolves in solutions with broad range of polarities. It responds to
solvent polarity by shifting the wavelength of the maximum peak's. From numbers of
peak and theirs positions of maximum we judged the effectiveness of freeze drying
method on the formation of the interactions in studied system.

Hyaluronan used in this work had molecular weights 106 kDa. Concentration of
hyaluronan was 1gdm™ and the concentration of probes was 5 x 10 mol dm=. All
freeze-dried samples were compared with blank samples which were not treated by
freeze-drying.

2.1 Fluorescence spectroscopy

The obtained emission spectra of dried and blank samples are shown in Figure 2 and
3. In the case of perylene (Figure 2), the monitored parameter was the fluorescence
intensity. As we expected the fluorescence curve for blank had almost zero intensity of
signal. That demonstrated insolubility of this probe in polar environments like aqueous
solutions of hyaluronan. After freeze-drying, the signal increased rapidly due to
interactions between perylene and hydrophobic patches on the hyaluronan molecule.
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When the solvent was removed by freeze-drying, the hydrophobic patches were
achievable for the probe.

30 4 ——Dblank sample

25 - dried sample

2,0 ~
L5 A
1.0
0.5 4

0_.0 L T T T T
420 460 500 540 580
wavelength (nm)

intensity of fluorescence
(10

Figure 2: Normalized emission spectra of blank and dried samples with perylene
and hyaluronan with molecular weight 106 kDa

The second studied fluorescence probe was prodan (Figure 2). The results show that
the signals from blank samples were provided only by water. This is obvious from the
obtained spectrum, which contains only one peak with a maximum at 519 nm (in the
literature’® 520 nm is reported). Freeze-drying of the samples led to changes in all
measured prodan spectra. Subsequently, the emission response had two maxima, and the
final curve was the sum of the individual contributions of prodan molecules in
environments of different polarity. Due to the summing of the contributions, the “water
peak” was shifted to a wavelength around 513 nm. The second peak was at significantly
lower wavelengths, as is common in more hydrophobic solvents. Therefore, we suppose
that even in these samples interactions between the hydrophobic probe and the
hyaluronic chain were successfully supported.
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g dried sample
5 0.8 -
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=
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Figure 3: Normalized emission spectra of blank and dried samples with prodan and
hyaluronan with molecular weight 106 kDa
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This support of interactions was studied for other probes (pyrene and 1,6-difenyl-
1,3,5-hexatrien), different molecular weight of hyaluronan (420 kDa and 1.46 MDa),
different concentration of hyaluronan (0.1 g dm=) and for other biopolymers also (sodium
alginate and carboxymethyl cellulose). In all cases we observed successfully supported
interactions.

2.2 Residual among of tert-butanol

During the preparation of samples for freeze-drying tert-butanol (TBA) was
introduced as co-solvent. TBA helped with dissolution of hydrophobic probe and
homogenization of the sample before drying. This co-solvent could dissolve both probes
because it has hydrophobic character and miscible with water. When no TBA was present,
the resulting spectra of dried samples were close to those of blank samples. Thus, the
presence of TBA was essential for the solubilisation of the probes during the preparation
of the samples for freeze-drying.

Moreover TBA has also hydrophobic character. THIS could cause difficulties if it
stays in some residual amount. It could distort the information from fluorescence
measurements. Therefore, the residual amount of TBA was determined by a commercial
laboratory in dried samples using head-space gas chromatography with FID detection.

The residual contents of TBA in dried samples ranged between 0.6-1 % (vol.). This
amount of residual TBA is so low, that it cannot affect the fluorescence results. As you can
see on Figure 4, the fluorescence intensity of perylene, the high hydrophobic probe, in
TBA-water solutions is much lower in comparison with our freeze-dried samples.
Intensity measured for dried samples would correspond to aqueous solutions containing
at least 12-16 % of TBA. That indicates the freeze-drying process should be optimized.

1,2 4

usual area of fluorescence intensity after freeze-drying for samples with perylene

1,0 -
0,8 -
0,6 -

0,4 -

0,2

intensity of fluorescence in maximum

0,0 -
0,0 0,2 0,5 1,0 1,5 20 40 60 80 100
amount of TBA (vol.%)

Figure 4: Perylene fluorescence intensity in water-TBA solutions of different composition. The
intensity was normalized to the lowest value measured for dried samples under the same conditions
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4 Conclusions

The results of this work show that the method of freeze-drying can be considered as
a technique for supporting interactions between native hydrophilic biopolymer
hyaluronan and hydrophobic species. Two fluorescence probes were used to indicate the
efficiency of the creation of such interactions — perylene and prodan. Each probe exhibits
specific behavior dependent on the character of the microenvironment in which it is
dissolved. In this work, the most important parameter was the polarity of this
microenvironment.

The steady state fluorescence spectrometry was used in present work as a main
measuring method. Emissions of probes from polar surroundings indicated no
interactions between the studied components of the systems. On the other hand, when the
fluorescence corresponded to a nonpolar environment, it was assumed that interactions
were established and that the method of freeze-drying was successful. Generally the
results of this work showed that the interactions between studied solutes were
successfully supported. It means that hydrophobes were solubilized by native
hyaluronan.

This work could be a step in the development of biocompatible and biodegradable
carriers for hydrophobic drugs with targeted distribution of the active compound based
on native hyaluronan. Though the fluorescence results are promising they should be
supported by other technique.
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1 Introduction

One of the most important polysaccharide originated in mammal body is sodium
salt of hyaluronic acid (HA). Its importance strongly increased in the last two decades. A
lot of studies have focused on its physical-chemical behaviour, role in tissue, cell
proliferation and developed ways how to use this polysaccharide in wound healing, drug
delivery system, anti-ageing application and so on.

Hyaluronan is a linear natural polysaccharide of the glycosaminoglycans family. Its
chemical structure comprises disaccharide units composed of b-D-glucuronic acid and N-
acetyl-b-D-glucosamine, which are alternatively linked through (1—3) and (1—4)
glycosidic bonds [—4)- b-D-GlcA-(1—3)- b-D-GlcNAc-(1-]'.

Different molar mass hyaluronan has different role in body. For example high molar
mass hyaluronan organizes extracellular matrix and low molar mass hyaluronan can be
found in injured tissue or in certain tumours>3 This means, that high molar mass
hyaluronan in human body reflects normal tissue, but low molar mass hyaluronan reflects
damaged or stressed tissue*.

For the above mentioned reasons many scientific groups reported studies how to
influence hyaluronan molar mass or what can cause its degradation. Most of methods
how to cleave hyaluronan is summarized in review from Stern et al. published in 20074
For example enzymatic degradation and non-enzymatic degradation of hyaluronan,
ultrasonication, temperature and other methods are described. Enzymatic degradation
seems to be most suitable for preparation of hyaluronan fragments with lower molar
mass. Low or high pH conditions have obvious effect on hyaluronan. Random chain
scission occurs during hydrolytic degradation®%¢. As well as random chain scission
occurs during hydrolytic degradation, the same mechanism was proposed for thermal
degradation of hyaluronan’8. The opposite conclusion to hydrolysis and thermal
degradation was made to ultrasonication. Hyaluronan degrades in a non-random way
when exposed to ultrasound resulting in a bimodal molar mass distribution®.

There was very little information on the stability of hyaluronan molecular mass in
solutions after hyaluronan powder is dissolved in water. In other words, little information
on degradation of hyaluronan solutions prepared and stored in laboratory for various
purposes. This is the sum of our work on this issue!® 1112,
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2 Experimental

The degradation of hyaluronan samples of four different molar masses was studied
by SEC-MALLS technique in order to observe the changes of molar mass, polydispersity
and polymer conformation in time. The SEC-MALLS equipment used in the present work
was produced by Wyatt (USA; the detector part) and by Agilent (USA; the
chromatography part). It included MALLS detector (Dawn Heleos II), viscometric detector
(ViscoStar II) and RI detector (Optilab TrEX). The multi angle laser light scattering
detector had 18 angles of detection, ranging from 10° to 160°. Astra 6 software package
was used for data collection and analysis. The chromatograph contained degasser,
isocratic pump, autosampler, column for size exclusion chromatography (one PL aquagel-
OH MIXED-H 8 mm PL1149-6800 produced by Agilent was used), and thermostat. The
mobile phase used was 0.1 M NaNO3 aqueous solution, containing 3mMNaN3 to prevent
microorganism growing. Sodium azide is commonly used protectant of hyaluronan
solutions. All SEC-MALLS measurements were performed at 25 °C.

All hyaluronic acid samples which were at disposal for this study were obtained
from Contipro (Czech Republic) where were produced by fermentation (Streptococcus
equi., subsp. Zooepidemicus bacterial strain). The product names and their actual weight
averaged molar masses of samples with protection against microorganisms, measured in
our laboratory, were as follows (product name — Mw measured in our laboratory):

e 1MDa-526kDa

e 0.75MDa - 633 kDa

e 200-300 kDa - 176 kDa
e 10-150 kDa - 17 kDa

The product names and their actual weight averaged molar masses of samples
without protection against microorganisms, measured in our laboratory, were as follows
(product name — Mw measured in our laboratory):

e 1750 kDa - 1161 kDa
e 300-500 kDa - 267 kDa
e 90-130 kDa - 14 kDa

The solutions of hyaluronic acid were prepared with the same solvent as the mobile

phase.

3 Results and Discussion

At room temperature, we observed an exponential or perhaps hyperbolic decrease of
Mw in time (Figure 1). We can see that after certain period of fast decrease of molar mass,
the degradation rate at room temperature is very small.

After more than 90 days in the fridge, only a small decrease in molar mass was
observed, especially for the samples with higher molar masses. The values of molar mass
found after 90 days for the samples kept in the fridge were still higher than the values of
molar mass found for the samples kept at room temperature. This proved that the
degradation is much slower for the samples kept in the fridge than for the same samples
kept at room temperature, in accord with Arrhenius law.

The conformation plots for HA 1 MDa, HA 0.75 MDa and HA 200-300 kDa samples
at different periods, at room temperature and in the fridge, gave the value of a coefficient
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between 0.5 and 0.7. This value indicates that the polymer shape is random coil and it was
not changed during storage and degradation during the storage.

The Mark-Houwink-Sakurada plots confirmed the random coiled shape of HA 1
MDa, HA 0.75 MDa and HA 200-300 kDa samples. For these samples the coefficients
found from the MHS slopes (a) showed values ranging from 0.5 to 0.8 as expected for
random coiled polymers.

In the case of the shortest hyaluronan chains, sample HA 10-150 kDa, the
coefficients found from the MHS plot showed different values, between 1.2 and 1.54, not
changing during the storage. All the coefficients found from MHS plot for HA 10-150 kDa
are higher than for the other hyaluronan samples analysed. The maximum value of this
coefficient for random coiled polymer is 0.8 and the value expected for rigid rod is 1.8.
MHS thus proved that the shape of HA 10-150 kDa is between random coil and rigid rod.
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Figure 1: The degradation of HA 10-150 kDa (a), HA 0.75 MDa (b), HA 200-300 kDa (c) and HA
1 MDa (d) in time at room temperature and in the fridge with protection against microorganisms.

According to Tokita and Okamoto®, degradation of hyaluronan obeys first order
kinetics. Dependencies of molar mass on time, determined in samples kept at room
temperature, may suggest exponential decay of the first order kinetics. By plotting the
data in the form of linearized first order kinetic equation,

InMyy, =—kt +InMy,o 1)
we found out that dependencies are not linear (k is the slope,  is the time, Mwo is the initial
molar mass at zero time).

We proposed two degradation models for the rate of hyaluronan degradation. First
model was based on fitting straight lines through data points shown in Figure 1. In the
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case of room temperature degradation, two linear fits were applied e one for each of the
two detected phases. In fact, this is a zero order kinetic model (two such models in the
case of the room temperature storage) e the linear decrease of molar mass:

My =My + kot )
Gives by differentiation:
dMm,,
—W _K 3
p 0 3)

The second degradation model, applicable only for samples stored at the room
temperature, was designed empirically taking into account the exponential decrease of the
molar mass:

My =M., +Mgigre ! @)
where the parameter M, represents the theoretical asymptotic value at
t—>o(=>e™* —>0=>My >M,) and the second parameter Mij represents the
difference between the initial molar mass and the asymptotic value. Fit of M, = f(t) with
equation My, =My, + Mdiffe_kt (4 yields the overall rate constant k. All kinetic

parameters are summarized in Table 1. Equation My, =M, + Mdiffe_kt 4 was

also used, as the only suitable model, in the study of thermal degradation of hyaluronan’.

Table 1: Parameters of kinetic models, adjusted R-square values, and times of the end of the first
degradation phase (te); samples stored at room temperature* and in the refrigerator**.

Sample name  10-150 kDa 200-300 kba 0.75MDa 1 MDa

k* (h%) -6.2:10* -1.3-10°8 -8.3104 -2.2.10%
adj. R-squareexp’ 0.97 0.96 0.96 0.95
Mint (kDa) 15.2 160 540 450
Muitt (kDa) 1.8 16 97 80
koi" (kDa h%) -7.6-10% -1.2.102 -6.8:102  -9.4.1072
koz'(kDa ht) -2.2.10% -1.1.10°3 -1.0.102  -2.6:10°3
te () 1073 1022 808 706
adj. R-squareo:” 0.78 0.99 0.89 1.00
adj. R-squareo,” 0.80 0.98 0.78 0.94
ko™ (kDa h't) -2.2.10* -2.9-10° -1.1-10?  -1.1.107?
adj. R-squareo™ 0.85 1.00 0.98 0.99
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Figure 2: The degradation of HA 90-130 kDa (a), HA 300-500 kDa (b) and HA 1750 kDa in time
at room temperature and in the fridge without protection against microorganisms

The degradation of hyaluronan samples in absence of sodium azide is depicted in
Figure 2. The degradation of the HA 90-130 kDa sample without protection against
microorganisms at room temperature showed a plateau in the first 8 days. The weight
averaged molecular weight measured after 8 days was lower by only 0.1 kDa than the
weight averaged molecular weight initially measured for its fresh solution. The HA
90-130 kDa sample was the most stable to degradation out of all the samples used in the
present study. After 9-10 days at room temperature, the microorganisms were developed
enough to degrade the polymer very rapidly, up to a weight average molecular weight of
1.7 kDa after 35 days and of 1.4 kDa after 60 days (a percentage change in weight average
molecular weight — the percentage of hyaluronan degradation between initial measured
weight average molecular weight and Mw measured after 60 days — of 90%).

For the HA 300-500 kDa sample we observed a faster degradation (percentage
change in weight average molecular weight of 95% for HA after only 35 days). For the HA
90-130 kDa and HA 300-500 kDa samples the degradation had almost stopped after 40
days, and it showed a second plateau (Figure 2). In the case of HA 1750 kDa (Figure 2), the
degradation was slower at the beginning (percentage change in weight average molecular
weight of 15% after 30 days). Its degradation increased later, and it showed a percentage
change in weight average molecular weight of 71% after 60 days. The second plateau for
HA 1750 kDa was reached after more than 2 months of storage at room temperature.

Even without any protection against microorganisms, the hyaluronan solutions
could be stored in the refrigerator for 60 days without significant weight average
molecular weight change. The degradation is much slower for the samples kept in the
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refrigerator than for the same samples kept at room temperature, in accordance with the
Arrhenius law

From the Mark-Houwink-Sakurada plots, a randomly coiled shape was confirmed
for the HA 1750kDa samples throughout the entire degradation process. Assessing the
HA 300-500 kDa sample, we can observe that the random coil conformation was also
proved for its fresh solution, for the solutions stored in the refrigerator and for the
solution degraded at room temperature for 8 days. However, when the degradation was
more rapid, after more than 8 days at room temperature, the HA 300-500 kDa was already
too short to form a random coil conformation, and the MHS coefficients increased. In this
case the conformation of HA 300-500 kDa was between random coil and rod. On the other
hand, the conformation of the HA 90-130kDa sample was between random coil and rod
from the beginning.

4 Conclusion

As expected the degradation of hyaluronic acid dissolved in water with sodium
azide was slower than in the absence of sodium azide. This means that microorganisms
are responsible for very fast degradation of hyaluronan at room temperature. The aqueous
solutions of hyaluronic acid could be stored at room temperature for 8 days without
protection against microorganisms. After this period, the microorganisms were developed
enough to degrade hyaluronan very rapidly (percentage change in weight average
molecular weight of 90 % for 14.3 kDa, 95 % for 267.2 kDa and 71 % for 1160.6 kDa
hyaluronan after 60 days). In the refrigerator, the hyaluronan samples were very stable to
degradation even up to 60 days of storage (percentage change in weight average
molecular weight of just 5.6 % for 14.3 kDa, 6.2 % for 267.2 kDa and 7.7 % for 1160.6 kDa
hyaluronan). The decrease in hyaluronan molar mass during storage of its solutions in
water (with added antimicrobial agent) was relatively small, even after several months.
The storage conditions for the solid hyaluronan used to prepare the solutions seem to
outweigh the effect of molecular mass on the degradation rate. At room temperature the
degradation exhibited two phases — a fast initial phase followed after 1-1.5 month by a
slow phase. The data at room temperature could be satisfactorily fitted by two kinetic
models — a two-part zero-order model and an exponential model. The data collected for
refrigerator storage showed essentially a linear decrease in molecular mass over time and
were fitted using a single zero-order model.
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1 Introduction

With the increasing worldwide terrorist attacks of explosives and dealing with
drugs, detection of hidden explosives and drugs in luggage at the airports, sport
stadiums, concert halls, power stations etc. becomes a chalenging branch in analytical
chemistry. Differential mobility spectrometry (DMS) can be used as standalone detector in
many applications such as detection of explosives [1], illicit drugs [2] or warfare agents [3].

DMS is known as a powerful tool for separation and characterization of gas-phase
ions. In DMS, ions are distinguished by the difference between mobilities at high and low
electric field. With increasing electric field ion mobility coefficient (K) becomes to be
dependent on the ratio of electric field to number of density of the gas (E/N):

k=koftra () va () )=k aro O

Ko is ion mobility coefficient at the low field at standard pressure and temperature.
o parameter describes the dependence of K on the electric field. a2 and a4 are specific
alpha coefficients. The change in mobility of the ion at elevated E/N is described as alpha
function:

E E\? E\*
a() ={a (&) +a () +-} @)
where o2 and au are parameters of ion behaviour in high field strength. Based on these
parameters ion mobility coefficient at field strength K (E/N) can be calculated, where E is

in (V cm™) and N is a gas number density in (cm?3). Using experimentally obtained values
of compensation voltage (CV) and RF electric field, a2 and au can be calculated [4]:
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—cV = (CV? +2CV-RF? + 2RF3) a, + (CV® + 2 CV3 - RF? + 2 CV2RF® + 20V - RF* +
55
5 RFS)a, @)

Eq. 3 can be represented by following equation where only two parameters a2 and a4 are
unknown:

—c=a;ra,+bra,

—C, =0y a,+ b, ay (4)

—Cp=ap a,+ b,y

where a = (CV3 +2CV-RF? +2RF3), b = (CV® + 2V - RF? + 2 CV2RFS + = CV - RF* +
3% RFS), c=CV.
486

Alpha is not a number like ion mobility but a function. That is why alpha should be
regarded over a wide range of electric field [5]. Under the same experimental conditions
the same alpha function could be obtained by any DMS instrument. The alpha function is
a characteristic ion property similar to m/z in mass spectrometry.

2 Experimental section

2.1 Chemicals

The following explosives were tested as 1000 ng uL-' solutions in acetone. 2,4,6-
trinitrotoluene (TNT), pentaerythritol tetranitrate (PETN), 2,4,6-trinitrophenol (picric
acid), 2 4-dinitrotoluene (DNT), erythritol tetranitrate (ETN), 2,4,6-
trinitrophenylmethylnitramine (tetryl), 1,3,5-trinitro-perhydro-1,3,5-triazine (RDX) were
purchased from Explosia a.s. Pardubice (Pardubice, Czech Republic). Dried air was used
as a carrier gas. Samples of cocaine and methamphetamine were diluted in acetone. 3 uL
of each explosive and narcotic were applied to DMS.

2.2 Instrumentation

Experiments were measured using a prototype of DMS analyzer with ®Ni
as an ionization source. DMS analyzer is not fully stand-alone device, it downloads basic
parameters and configuration from PC, while runtime behavior is controlled by
embedded single chip microprocessor. It is responsible for proper timing of critical
processes during measurement scans, like RF voltage control, compensation voltage
control, synchronous A/D conversion, and data averaging followed by sending it to the
PC.
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DMS conditions for measurements: RF was applied from 500 to 1500 V, scanning
range of CV was from 15 V to —40 V, flow rate of the carrier gas was 50 mL min-! and
temperature was controlled from 80 °C to 100 °C and 65 °C for narcotics.

2.3 Software

Presented results of measurements have been evaluated by use of special software tool
developed for visualization, comparison and identification of measured data. This tool directly
communicates with DMS in real time. The crucial part of the visualization software are
two 2D dispersion plots where vertical axis stand for RF voltage and horizontal axis stand
for compensation voltage of the DMS. Each pixel in the dispersion plot maps ion intensity
value for given combination of RF voltage and compensation voltage to a specific color
according to user configurable color palette. The color slope gradient of the palette can be
refined in five intervals in order to achieve the best contrast picture as possible. It is
supported also by autoscale features with sophisticated options how to fix (or cut & paste)
some visualization parameters for best recognition and classification of measured data by
the user and data comparisons. The specialized software tool allows also basic
mathematical manipulation across data sets e.g, data averaging, image sharpening,
background subtraction, etc. Whereas the main 2D dispersion plot can visualize only one
measurement in given time and provide good user experience for data overview, the
synchronized perpendicular marginal 1D spectra belonging to selected cross section
within dispersion plot can display also cumulated and combined data sets and allow
precise reading of position and amplitude of peaks for further computations.

3 Results and discussions

Reactant ion peak (RIP) is formed by interaction of carrier gas (dried air) with high
energy electrons from ®Ni. This process is simultaneous in positive and negative mode at
the same time. H*(H20)a and O (H20)n are reactant ions in positive and negative polarity
with dried air as a carrier gas. Considering proton/electron affinities of analyte (M), the
RIP ions transfer their charge to M by collisions. M replaces water molecule(s) to form
monomer or dimer ions, respectively [6]. Explosives were measured in negative channel
due to their high electron affinities instead of narcotics, with high proton affinities, were
measures in positive mode.

DMS analysis of RDX, TNT, 2,4-DNT, PETN, picric acid, ETN, and tetryl were
performed. Typical dispersion plot and compensation voltage scan at fixed separation
voltage of explosive (RDX) measured in negative channel is shown in Fig. 1. Dispersion
plot shows ion intensity and compensation voltage at each separation field. Below the
dispersion plot is differential mobility spectrum showing ion current as a function of CV
for RIP and for product ion peak (PIP). The signal intensity at specific RF depends on the
concentration of ion in the sample. Compensation voltage of PIP at 1060 RF voltage at
100 °C in negative channel is 1.34 V for RDX (Fig 1 b). Compensation voltage of RIP for
RDX is —25.23 V which agree with dispersion plot of blank shown in Fig. la. Peak at
CV =-22.65V corresponds to moisture.
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Fig. 1: DMS fingerprint spectrum (dispersion plot) of air (blank) (a) and RDX (b)
in negative mode at 100 °C. Spectra shown below dispersion plots were isolated at
separation voltage of RF = 1060 V

According to DMS analysis (characteristic CV at fixed RF for each explosive) specific

coefficients a2 and au (using Eq. 3) were calculated. Nonlinear a functions of explosives
are summarized in Table 1. The units of a2 and a4 are 10 Td2 and 10-1° Td+, respectively.

Table 1: The nonlinear o functions of explosives

DNT | a=3.2138-10%(E/N)>-1.7620-10-0(E/N)
TNT | a=2.6164-104(E/N)>2.8450-10-0(E/N)*
Picric acid | a=0.8267-106(E/N)2-1.4897-10-10(E/N)*
Tetryl | a=-1.6122-10-6(E/N)>+0.5013-10-10(E/N*
PETN | a=-1.8191-106(E/N)2+0.1220-10-10(E/NY}
RDX | a=-1.4322-10(E/N)2-0.4305-10-10(E/Ny*
ETN | a=2.6487-106(E/N)>+0.6459-10-10(E/N)*
HMTD | a=1.0525-106(E/N)2-2.1533-10-10(E/N)*
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Fig. 2 shows curves of a versus E/N for explosives in negative channel built up using
Eq. 2. The alpha function of explosives were drawn for E/N up to 120 Td.
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Fig. 2: Nonlinear function curve of explosives ions in negative channel

DMS analysis of narcotics is shown in Fig. 3. RIP of blank at RF = 1060 V appears at
CV =-23.02 V (Fig. 3a) which corresponds to RIP of narcotics sample (Fig. 3b). Measured
sample contained mixture of methamphetamine and cocaine. PIP of methamphetamine at
RF =1060 V appears at CV =-4.93 V, PIP of cocaine at RF = 1060 V appears at CV=1.34 V.

10
CV[V]

Fig. 3 Differential mobility spectrum of blank (Fig. 3a) and sample of narcotics (Fig. 3b)
at RF=1060 V

4 Conclusion

This study deals with analysis of explosives and narcotics using DMS. For each
target compound, characteristic compensation voltage was determined. Compensation
voltage was assesed as compound specific parameter in DMS analysis which enables
characterization of measured compounds. DMS proved to be an important analytical
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technigue with outstanding sensitivity and selectivity in analysis of explosives and
narcotics.

5 Acknowledgment

This study was financially supported by the Research plan No. VG20132015107
“DRAGON - The Hand-held Narcotic Compounds Sniffer & Analyzer (2013-2015,
MVO0/VG)”, which is financed by the Ministry of the Interior of the Czech Republic.
(Security Research for the Needs of the State 2010-2015).

6 References

1. Eiceman, G.A, et al, Separation of lons from Explosives in Differential Mobility
Spectrometry by Vapor-Modified Drift Gas. Analytical Chemistry, 2004. 76(17): p. 4937—
4944.

2. Mohsen, Y. et al, Detection of A9-Tetrahydrocannabinol, Methamphetamine and
Amphetamine in air at low ppb level using a Field Asymmetric Ion Mobility Spectrometry
microchip sensor. Procedia Engineering, 2014. 87(0): p. 536-539.

3. Maziejuk, M., et al., Fragmentation of molecular ions in differential mobility spectrometry
as a method for identification of chemical warfare agents. Talanta, 2015. 144: p. 1201-1206.

4.  Shvartsburg, A.A., Differential ion mobility spectrometry: nonlinear ion transport and
fundamentals of FAIMS. 2008.

5. Krylov, E.V. and E.G. Nazarov, Electric field dependence of the ion mobility. International
Journal of Mass Spectrometry, 2009. 285(3): p. 149-156.

6. Shvartsburg, A.A., et al., Ultrafast Differential lon Mobility Spectrometry at Extreme
Electric Fields in Multichannel Microchips. Analytical Chemistry, 2009. 81(15): p. 6489—
6495.

288



Characterization of the Colloidal Properties
of a Microbubble Contrast Agent

Tereza Pilgrovd
Kléra Rikovskd, Miloslav Peka¥

Brno University of Technology, Faculty of Chemistry, Institute of Physical and Applied Chemistry
Purkyiiova 464/118, 61200 Brno, Czech Republic
xckrutisova@fch.vutbr.cz

1 Introduction

Microbubbles are used as contrast agents in combination with ultrasound mostly for
cardiovascular imaging and the assessment of perfusion of various organs and tumors.
These particles of the size range 0.5-10 um are usually stabilized by a thin shell composed
of phospholipids, lipids, polymers or a combination of these materials?2. The core of
microbubbles is typically filled with an inert and high molecular weight gases (such as
perfluorocarbon or sulphur hexafluoride). These gases prolong the circulation time of
contrast agent’. The gas core comprises most of the particle volume and provides the
mechanism for ultrasound backscatter and drug delivery. Microbubbles have a one
specific advantage compared to other drug carriers like liposome or nanoparticles. They
can be visualized through diagnostic ultrasound and destroyed precisely on the target
site, thus releasing their therapeutic load. Furthermore, microbubbles in combination with
ultrasound can transiently enhanced permeability of several biological barriers*s.
Oscillation behavior and fragmentation of microbubble in ultrasound field depend on the
physico-chemical properties of the microbubble shell, microbubble diameter, drug
loading, etc. For development of new contrast agents or drug delivery systems is
necessary to know and adjust functional and structural properties of microbubble
components and identify process of microbubble formation. Functional properties include
injectability, ultrasound scattering efficiency, rheology and biocompatibility of
microbubbles. Structural properties refer to the structure or physical properties of the
microbubble¢.

SonoVue® (Bracco Imaging SpA, Milan, Italy) is a stabilized microbubble
preparation containing sulphur hexafluoride, an echogenic, poorly soluble gas. The
microbubbles of gas are stabilized in aqueous dispersion by a monolayer of
phospholipids. After reconstitution of the lyophilisate with sodium chloride solution for
injection, these gas-containing phospholipids are in dispersion in the aqueous vehicle. As
with other dispersed systems used as ultrasound contrast media, the active part of the
product (the echogenic system) is the interface between the gas and the liquid phase in the
microbubble dispersion.
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In this work, we focused on study of formation process of microbubble and
evaluation of size distribution of microbubble SonoVue® and phospholipid liposomes in
order to getting round difficult preparation of SonoVue® agent through lyophilisation
process. These pilot measurements should be used as basis for development of new
contrast agent for drug delivery applications.

2 Experimental

SonoVue® (Bracco Imaging S.p.A, Italy) is an ultrasound contrast agent that contains
the active substance sulphur hexafluoride (a gas). It is available as a kit including one vial
of gas and powder and one pre-filled syringe containing 5 ml of solvent. When made up
into a solution, SonoVue® contains gas as microbubbles in suspension in a liquid. The shell
of SonoVue® microbubbles consists of a thin and flexible membrane of amphiphilic
phospholipids (distearoylphosphatidylcholine — DSPC, dipalmitoylphosphatidylglycerol
sodium — DPPG.Na and palmitic acid) and polyethyleneglycol (PEG 4000) as a monolayer
with the hydrophilic surface on the outside and the hydrophobic surface on the inside
(towards the SF6 gas). The product was reconstituted before use according to
manufacturer’s instructions. Aqueous phase (5 ml of 0.9% sodium chloride solution) was
injected through the septum vial to the SonoVue® lyophilisate followed by hand agitation.

Analogous system to SonoVue® agent was prepared by mixing of phospholipids
DSPC and DPPG.Na, palmitic acid and polyethyleneglycol. Concentration of each
phospholipid in the sample was 0.38 mg/10 ml, concentration of palmitic acid was
0.08 mg/10 ml and concentration of polyethyleneglycol was 50 mg/10 ml. All of the
substances were purchased from Cayman Chemical Company (ML, USA). Phospholipids
DSPC and DPPG.Na were dissolved in chloroform-methanol mixture (5:1). After
evaporation of volatile solvent, samples were dissolved in 10 ml of 0.9% sodium chloride
solution containing palmitic acid and polyethyleneglycol. Finally, the sample was
sonicated for 30 minutes at temperature 45 °C.

SonoVue® agent and analogous phospholipid preparation were characterized using
dynamic light scattering method and carried out by Zetasizer Nano ZS (Malvern
Instruments). Systems were evaluated from point of view particles size distribution and
uniformity level of the system.

SonoVue® agent was studied using UV-VIS spectroscopy because of characterization
of buoyancy process of microbubbles. Turbidity measurements, reported as absorbance A,
were performed at 500 nm using UV-VIS spectrophotometer Hitachi U-3900H.

Maximum bubble pressure method (BPA-800P tensiometer) was chosen because of
the process of microbubble formation during the measurement can be compared to gentler
variation of bubble formation during agitation procedure when SonoVue® microbubbles
are prepared. Bubble pressure tensiometer produces gas bubbles (air) at constant rate and
blows them through a capillary which is submerged in the sample liquid and its radius is
already known. The pressure inside of the gas bubble continues to increase and the
maximum value is obtained when the bubble has the completely hemispherical shape
whose radius is exactly corresponding to the radius of the capillary. Surface active
substances in solution can adsorb on the bubble surface during the lifetime of bubble and
affect surface tension.
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Experiment with a constant lifetime was used for evaluation of surface activity
(surface tension) of microbubble component. It measures the dynamic surface tension at
a fixed lifetime set by the user. In this case the pneumatic system of the device holds the
air flow rate constant during the whole experimental run. Bubble lifetime was set on
0.125sand 4 s.

3 Results and discussion

Dynamic light scattering method was used for size characterization of SonoVue®
agent and analogous phospholipid preparation.

In Figure 1 is shown size distribution of commercial agent SonoVue® for three times
of measurement. Size distributions are different depending on measurement time. First
measurement performed 3 minutes after reconstitution of SonoVue® agent shows bimodal
distribution with the most of aggregates in the range of 400-650 nm and a small
distribution about 100 nm. The second distribution in the time 6 minutes after preparation
appears monomodal. The most of aggregates in the system have sizes in the range of
300-700 nm. The last one measurement, performed 12 minutes after preparation, is
bimodal again and microbubble aggregates have either about 200 nm or are in the range
of 500-1000 nm. These differences among the size distributions indicate that SonoVue®
agent is not stable in time. In the system comes about some aggregation or rearrangement
of microbubbles.

When we observed the microbubble solution in a cuvette, we could see a phase
separation and creation of foam at the surface of solution. It was found that SonoVue®
microbubbles are buoyant and have a tendency to rise quickly to the surface of the sample
in the cuvette during the measurement. It is one of reasons why size distributions are
different.
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Figure 1: Size distribution of SonoVue® agent depending on time
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As a follow-up to these results we studied a rate of microbubbles rise using UV-VIS
spectroscopy, specifically turbidimetry measurement. Figure2 represent a change of
absorbance at 500 nm depending on measurement time. Data shows that absorbance
decreases linearly and more sharply until 40 minutes after reconstitution of SonoVue®
agent and then decreases more gradual until almost 7 hours after start of measurement.

In the beginning, immediately after reconstitution, SonoVue® microbubble
suspension is turbid and gradually becomes clear. This corresponds with manufacturer’s
instructions because they report that product is chemical and physical stable until 6 hours
after reconstitution.
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Figure 3: Size distribution of SonoVue preparation
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Size distribution of phospholipids preparation was measured for comparison with
SonoVue® agent and for evaluation of success rate of microbubble preparation in our
laboratory. It was found that phospholipid preparation was more polydisperse than
SonoVue® agent and that in this system the most of aggregates have sizes in the range of
13002300 nm. Some particles of sizes in the range of 5500-6400 nm were present in the
system too but their distribution was minor in comparison to the main distribution about
1700 nm.
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commercial SonoVue® SonoVue preparation

Figure 4: Surface tension of SonoVue® agent and analogous phospholipid system
(green column — bubble lifetime = 0.125 s, orange column — bubble lifetime =4 s)

Further experiments focus on microbubble formation process and surface activity of
phospholipids of microbubbles. For these experiments was used maximum bubble
pressure tensiometer because of its principle of the bubble formation at the tip of capillary.

In Figure4 are shown surface tension of SonoVue® agent and analogous
phospholipid system for two bubble lifetime. Surface tensions are slightly bigger in short
bubble lifetime than for long time. It is causes by the diffusion rate and adsorption of
surface active component on the air bubble surface. In the case of bubble lifetime 0.125 s,
surface active particles have a short time to adsorption on surface of a bubble formed at
the tip of capillary whereas in the case of 4 s have more time to adsorption and decreasing
of surface tension. General, there are no significant differences between these measured
systems. Both of them are similarly surface active.

4 Conclusion
In this work, surface activity and size distribution of contrast agent SonoVue® and
analogous phospholipid systems are examined. It was found that phospholipid system

prepared in our laboratory evinces a similar surface activity as commercial SonoVue®
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agent that formation process is similar to each other. Size distribution of aggregates in
these systems was investigated, too. It was found that a preparation method influenced
the size distribution of the system unlike surface tension of the system. Our systems are
more polydisperse in comparison with commercial SonoVue® agent with largely
monomodal size distribution.
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An Electronic nose (E-nose) is an analytical instrumental method which allows anal-
ysis of aroma of samples. This work uses E-nose to determine the characteristic aromas of
seven different types of alcoholic beverages (bourbon, cognac, vodka etc.). Three chemom-
etrics methods such as principal component analysis (PCA), discriminant factorial analysis
(DFA) and soft independent modeling of class analogies (SIMCA) were used and compared.
The results show that chemometrics methods PCA and DFA allow determination of indi-
vidual alcoholic groups of fruit spirits, bourbon, cognac and brandy but they face difficulty
with separation of liqueur, gin and vodka points from one group. Only the SIMCA method
allowed distinguishing the point belonging to all groups without any approximation of
graph fragments.

Keywords: Electronic nose, chemometrics methods, alcoholic beverages.
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1 Introduction

Worldwide production and consumption of drugs characterized by different
structure increases every year. Due to the fact that these substances are not always
completely eliminated in the human or animal body, subsequently get into the
environment [1], which has negative effect of certain constituents of natural ecosystems
[2]. Their biggest representation is in the waste water. However, it was shown that most of
them are in the process of cleaning very difficult decomposable (generally in WWTP are
drugs removed from 60-90%) [2, 3, 4]. From WWTP then these substances enter surface
waters, where it can lead to intoxication of aquatic organisms [3, 5].

Due to the fact that concentration of pharmaceuticals in water could be time-
varying, using of conventional spot sampling may not detect contamination. To obtain
complex information about long-term environmental impact is therefore preferable to use
the integrative passive sampling. Passive sampling also helps to simplify analytical
procedure, because during sampling is made preconcentration in sampling medium [6, 7,
9]. Drugs are usually found in surface waters at trace levels that do not cause acute risks,
but can become dangerous in the long-term exposure [8]. These low concentrations may
not be detected when the spot sampling is used, but if passive sampling is used, when the
samplers are deployed in water for even several weeks, leads to the accumulation of
compounds in the sorbent , and thus can be easily analyzed [7, 9].

This study is aimed to optimize using of passive samplers POCIS (Polar Organic
Compound Integrative Sampler) for the analysis of four pharmaceuticals from group of
non-steroidal anti-inflammatory drugs (NSAID), three from group of macrolide antibiotics
and for caffeine. To calculate Time-Weighted-Average concentrations (TWA), how is
called the calculated concentration of pollutants in the river when the passive sampling is
used, is necessary to know the sampling rates for each compound [7]. The sampling rate
for all drugs were determined experimentally using aquarium with water spiked by target
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pharmaceuticals. Daily were collected samples of water and analyzed. So the real
concentrations of drugs in aquarium were found. Subsequently samplers were analyzed
and from results were calculated sampling rates for each pharmaceutical. Extractions of
water were performed by SPE (Solid Phase Extraction) and final analysis were performed
by HPLC/HRMS. POCIS samplers were subsequently used in real environment for
determination of target pharmaceuticals in river Queich, Germany.

2. Results and conclusion

Table 1: Calculated sampling rates

Pharmaceutical Rs

ketoprofen 0,4430
naproxen 0,2997
ibuprofen 0,3460
diclofenac 0,3181
caffeine 0,1242
erythromycin 0,0922
clarithromycin 0,0705
roxithromycin 0,0626

Figure 1: Map of sampling sites

Table 2: TWA concentrations

Pharmaceutical TWAsampiing site  (Ng/L) TWAsampiing site 8 (Ng/L)

ketoprofen <LOQ- 2,70 <LOQ
naproxen 2,83 3,45
ibuprofen 3,05 2,64
diclofenac 13,61 17,72
caffeine 21,58 18,49
erythromycin <LOQ 2,55
clarithromycin 1,31 4,59
roxithromycin <LOQ-0,11 <LOQ
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Experimentally were found Rs for all target pharmaceuticals they are shown in
Table 1. Passive samplers were deployed into river Queich close to town Landau.
Sampling sites are displayed in Figure 1. TWA concentrations of each target
pharmaceutical were calculated they are listed in Table 2. The highest concentration was
detected in the case of caffeine in both sampling sites. The highest increase of
concentration behind confluence of river and stream from WWTP was in case of
diclofenac. In case of ketoprofen, ibuprofen, caffeine and roxithromycin were
concentrations from sampling site B lower. It means that WWTP has good removing
efficiency in case of these pharmaceuticals. In case of diclofenac the removing efficiency is
not sufficient.
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1 Introduction

Tea is consumed throughout the world and is the most popular beverage after
water. It has been shown that fresh tea leaf is unusually rich in the flavanol group of
polyphenols known as catechins. The main catechins in green tea are epigallocatechin
gallate (EGCG), epigallocatechin (EGC), epicatechin gallate (ECG) and epicatechin (EC).
Tea catechins undergo many chemical changes during the course of the manufacturing
and brewing processes'. All steps are designed to achieve optimal oxidation of tea
catechins and produce tea products with good flavor and color?2.

The composition of tea also differs with variety, season, age of leaves, climate and
horticultural practices. Nevertheless, not only phenolic compounds are responsible for
total antioxidant capacity of tea infusions but also some trace elements?.

It is well known that green tea has extensive health benefits for humans. EGCG
contributes to the beneficial therapeutic effects of green tea and functions as a powerful
antioxidant, anti-angiogenic, anti-inflammatory and anti-tumor agent. EGCG is found to
be the most potent substance against bacteria, viruses, fungi and may be a potential agent
for prophylaxis of mastitis*. Green tea catechins are potent inhibitors of enzymes for
carbohydrate digestion and influence the digestibility of starch. The fortification of green
tea catechins into bread products has a significant impact on reducing the glycaemic
response’.

Individual catechins undergo epimerisation at high temperatures. This
epimerisation takes place more easily in tap water than in purified water. The complexity
of the ions in tap water and the different pH between tap and purified water are thought
to be the main reasons for the different conversion rates for individual catechins. Stability
studies of catechins in green tea strong infusion have shown that epimerisation can be
observed during prolonged storage. Therefore, it is thought that, not only temperature,
but also heating time influences the epimerisation of catechins in green tea infusions’.

This work is focused on study of catechin degradation using fast gradient HPLC/MS
analysis and spectrophotometric techniques.
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2 Experimental
2.1. Materials and methods

2.1.1. Materials

Green tea samples were purchased from local supermarkets or drugstores
in Pardubice (Czech Republic). The standards (catechin, epicatechin, epicatechin-3-gallate,
epigallocatechin,  epigallocatechin-3-gallate,  gallocatechin,  gallokatechin-3-gallate,
catechin-3-gallate, gallic acid, chlorogenic acid, neochlorogenic acid, cryptochlorogenic
acid, rutin, isoquercitrin, kaempferol-3-O-glucoside, kaempferol-3-O-rutinoside,
hyperoside, caffeic acid, p-coumaroylquinic acid) were purchased from Sigma Aldrich,
USA. Deionized water was prepared by purification Milli-Q system (Merck Millipore,
Germany), methanol and formic acid were purchased from Sigma Aldrich, USA.

For antioxidant capacities ABTS radical cation (Sigma Aldrich, USA), 2M Folin-
Ciocalteu solvent (Sigma Aldrich, USA), K25:0s (Laborchemie Apolda, Germany) and
Na2COs (Lach-ner, Neratovice) were used.

2.1.2. Instruments and conditions

HPLC system equipped abinary gradient pump LC-20AD, autosampler SIL-20A,
with a degassing unit DGU-20A (all Shimadzu, Kyoto, Japan), thermostat column LCO
102 Single (Ecom, Prague) coupled with mass spectrometry detector QTRAP 4500 (AB
SCIEX, USA) were used. The reversed-phase separation of phenolic compounds was
performed on Ascentis Express C18 (50 mm x 2.1 mm i.d. and 2 um particle size) at 30 °C.
The mobile phase consisted of 0.1% formic acid in water (A) and 0.1% formic acid in
methanol (B) using a gradient program from 20 % to 70 % B in 2.5 min. The flow rate was
0.5 mL/min. The conditions of MS analysis in negative ion-mode were as follows: Curtain
gas: 20 psi, teplota: 500 °C, IonSource gasl: 50 psi, lonSource gas 2: 50 psi.

2.1.3. Samples preparing of green tea

All samples were prepared at temperatures 70, 80, 90 °C for 4 minutes (table 1).
Subsequently, the infusion was cooled, filtered and after dilution analyzed by
spectrophotometric techniques and HPLC/MS.

Table 1: Marks of samples

Mark Sample Mark | Sample
S1 Apotheke Bio S6 Dukat
S2 Jemca S7 Tesco
S3 Saga S8 Ahmed
S4 Pickwick S9 Teekanné
S5 Dukat S 10 Loyd
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2.1.4. Spectrophotometric methods

Antioxidant capacity was measured by UV/VIS spectrometr Helios Epsilon (Thermo
Scientific, Denkmark). The total phenolic content of the tea extracts were measured using
a 2M Folin-Ciocalteu reagent in ratio 1:9 with water. One milliliter of Folin-Ciocalteau
solvent was added to one milliliter of deionized water and 30 pL of five times diluted
green tea. After 5 min, 1mL of a 7.5 % (w/v) aqueous solution of sodium carbonate
(Na2COs) were added and mixed well. The absorbance at 750 nm was measured against
water blank after 30 min in the dark at room temperature. Total antioxidant capacity was
determined using ABTS radical cation. ABTS tablet was mixed with 5 mL water and 100
uL of K2520s (c = 0,064 mol/L). The resulting solution was left in the dark and after 12-16
hours was diluted. For experiment was used 3 mL of this solution with 30 uL five times
diluted of green tea. After 10 min was measured absorbance at 734 nm. The change of
absorbance was recalculated on corresponding amount of standards Trolox (ABTS
method) or gallic acid (total phenolic content).

2.1.5. Statistical analysis

The experiments determining antioxidant capacity carried out in this work were
repeated five times for each sample (n = 5). The calibration data for the ABTS and TPC
methods were measured at eight Trolox or gallic acid concentration levels, respectively.
Each level was measured five times (n = 5). The calibration data for the HPLC/UV
determination of the antioxidants were measured at eight concentration levels, each level
was measured four times (n = 4). The calibration data were fitted using a least square
linear regression method in statistic program QC Expert (2.9, TriloByte). Jackknife
residues and Pregibon, Wiliams and L-R graph was used for identification of influential
points. The linearity of calibration curves was checked by inspecting plots of residuals.
The significance of intercept of regression lines was tested using Student’s t-test.
Hierarchical cluster analysis was performed using Statistica 10 software (StatSoft, Inc.,
2011, www.statsoft.com).

3 Results and discusion

3.1. Spectrophotometric method

On figure 1 antioxidant capacity of sample 4 (PICKWICK) measured using ABTS
method (during 6 hours) is shown. The measurements was performed after one hour from
t=0 to t=6. Antioxidant capacity is almost unchanged during 6 hours of staying of
individual infusions, but strogly depends on temperature of water.
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Figure 1: Antioxidant capacity of sample 4 (PICKWICK) during 6 hours

3.2. HPLC/MS analysis

The column Ascentis Express C18 was used for analysis of catechins in green tea.
Optimized separation of catechins is shown on the figure 2.

The significant degrease of EGC and GCG content including their epiforms and
conversely significant increase of gallic acid and galloylquinic acid (galQ acid) was
observed in infusions measured after 6 hours of staying of the infusion (figure 3). This
degradation is observed even after one hour of staying of infusion.
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Figure 2: Separation of 24 phenolic compounds, column: Ascentis Express C18
(5 cm x 2,1 mm x 2 um), mobile phase: methanol (+ 0,1 % formic acid):water (+ 0,1 % formic
acid), temperature: 40 °C, flow: 0,5 mL/min, gradient: 0 min — 20 % methanol, 2,5 min —70 %
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Figure 3: Degradation of catechin in green tea



3.3. Influence of storage

Influence of storage on content of catechins was measured during 14 weeks. The
change of antioxidant capacity (AC) and total phenolic content (TPC) during storage of tea
bags is shown on figure 4A. TPC is related to gallic acid as a standard and AC is related to
the standard trolox. The figure 4B shows decreasing content of selected compounds. From
this picture is obvious, that phenolic compounds are degradated during storage of tea
bags.

o o @ o o TPC @ @ @ e EGCG+GCC

(] ) ° s Gallicacid

OOOOOAC e o o o EGC+GC

0. 3. 7. 11. 14. Weeks 0. 3. 7. 11 14. Weeks

Figure 4: Influent of storage by (A) spectrophotometric method, (B) HPLC/MS

3.4. Statistical analysis

Hierarchical cluster analysis was applied in order to evaluate the difference between
antioxidant capacity of the analyzed samples of green tea. The influence of degradation
during staying of infusions for 6 hours and storage of tea bags was monitored. In case of
degradation during 6 hours of staying of infusion two clusters and two outliers (S3 - Saga,
S7 - Tesco) were found. Hierarchical cluster analysis was applied for influence of storage
monitoring (Figure 5A), where one outlier was found. The outlier is sample 3 (Saga),
which is packed in plastic box, whereas other samples are packed in paper box (Figure
5B).
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Figure 5: Hierarchical cluster analysis (A) for 10 samples during 6 hours in the same influsion
(B) for 10 samples during 14 week
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4 Conclusion

This work is focused on optimization of gradient elution in very short time.
Catechins were separated in 2 minutes. This fast chromatographic separation was used to
monitor degradation of catechins in infusions during their long time period of staying.
Further, the influence of storage on catechin content was monitored. Staying of infusion
for 6 hours causes the degradation of some catechins, probably to gallic acid. During few
weeks of storage of tea bags, the content of important catechins has been also decreased.
Together with HPLC/MS analysis, the antioxidant capacity and total phenolic compounds
were measured using spectrophotometric techniques. The total antioxidant capacity
remains unchanged, but contents of EGC and GCG (and their epiforms) decrease. Using
statistical analysis, two outliers (sample 3 and sample 7) was found.
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1 Introduction

Carotenoid pigments represent group of diverse natural pigments, which ensure
typical colour of plants, microorganisms and some kind of animals. To these days, more
than 700 carotenoids have been identified, representing C40 terpenoids with different
number of double bonds, terminal structure and oxygen-containing function groups!.
Numerous researches have proved that their consuming provides health benefits resulting
from antioxidant activity?. Rate of antioxidant activity depends on cyclic structure of
carbon chain. Positive effects of carotenoids include protection against cancer, ischemic
heart disease and eye disease. In addition, lycopene eliminates risk of prostate cancer!.
Industrial application of pigments is widespread included pharmacy, cosmetics, food and
feed industry. Demand for these biological active compounds enables application of
microorganisms in commercial production due to their ability of pigment accumulation in
high levels. Microorganisms producing carotenoid pigments are algae, bacteria, fungi and
yeastt.

Microbial production of carotenoids could be regulated by various physiological
conditions of cultivation media. Factors such as nature and concentration of carbon and
nitrogen sources, minerals, vitamins, pH, aeration, temperature, light and stress have a
major influence on cell growth and yield of carotenoids. Carotenoid biosynthesis is
governed by the levels and activities of enzymes employed to the total carbon flux
through the carotenoid synthesizing system. Because overall yield of carotenoids is
directly related to the total biomass yield, to keep both high growth rates and high flow
carbon efficiency to carotenoids by optimal cultivation conditions is essential in order to
achieve the maximal pigment productivity®. (Aksu, Eren)

Oleaginous red yeasts are promising microbial sources for effective synthesis
biosynthesis for carotenoids as well as lipids. Lipid accumulated in lipid bodies represents
energy storage and [>-carotene serves as protective compounds against environmental
stress. Oleaginous microorganisms can accumulate intracellular lipids in their cells with
storage capacity 20-70 % of lipids in dry cell mass. However, as mentioned above, some
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oleaginous microorganisms are also able to synthesize both lipids and carotenoid
pigments in high yields. Rhodotorula glutinis is a typical microorganism for such dual
production” and it is the major pigment producer among Rhodotorula sp. species with
predominant synthesis of 3-carotene, y-carotene, torulene and torularhodin® 8.

According to Saenge et al. (2011)” lipid and carotenoid synthesis requires medium
with excess of carbon source and limitation of other nutrients, especially nitrogen source,
despite of possible inhibition of cell propagation. In a fact, carbon and nitrogen ratio (C/N)
of cultivation medium is one of the most important factors to control microbial production
of lipid and carotenoid pigment. However, it is also necessary to consider initial
concentration of carbon and nitrogen source to obtain enhanced metabolite production.
Therefore, precise analysis of carotenoid formation under various C/N ratios is crucial for
better understanding of pigment biosynthesis by R. glutinis. Various kinetics parameters
have been calculated and consequences of metabolic flux of the carbon source to
carotenoid pigments have been proposed.

2 Experimental

Red yeast Rhodotorula glutinis, characterized by both lipid and pigment production,
was cultivated in YG medium with different carbon and nitrogen (C/N) ratios. We chose
four C/N ratios: 20:1, 50:1, 70:1 and 100:1. We used glucose as a carbon source and yeast
extract as a nitrogen source. Cultivation process proceeded 8 days, except the lowest C/N
ratio 20:1 with 6 day cultivation.

After cultivation carotenoid pigments and lipids were isolated by extraction
solution hexane: chloroform (2:1). Lipid content was determined by GC chromatography
(GC-6890 N with FID detector, Agilent Technologies) and carotenoids were analyzed by
high-performance liquid chromatography (HP 1100 with DAD detector, Agilent
Technologies). Kinetic parameters were determined according to research of Certik and
Shimizu (2000)°.

2.1 Results and discussion

Kinetic analysis was investigated for demonstration of metabolic flux of carbon
source to carotenogenesis in yeast Rhodotorula glutinis in each growth phase. Therefore we
defined various kinetic parameters. Product synthesis (v) represented average speed of
biomass, lipid and pigment formation [g.L-'.day?, mg.L".day"]. Differential product
synthesis (vb) meant increase of biomass, lipid and pigment production in each day of
cultivation [(gn-gn1).L1; (mgna-mgn1).L-']. Another kinetic parameter was specific rate of
product synthesis (q), showed average speed of lipid and pigment accumulation in the
biomass [%.day!; mg.g'.day']. Forth parameter was differential specific rate of product
synthesis (qo) represented actual daily increase of lipid and carotenoid pigment in the
biomass [%n-%n-1; (Mmg.g7) n-(Mg.g 1) n-1)].
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Under low C/N ratio 20:1 the glucose was utilised after 72 hours of cultivation time
and under C/N ratio the glucose was used after 144 hours of cultivation time. After
glucose exhaustion we observed fast decrease in cell growth (Fig. 1C) and R. glutinis cells
consumed intracellularly storage fatty acids as a secondary energy and carbon source.
Such consumption of storage fatty acids especially under C/N ratios 20:1 and 50:1 (Fig. 1B)
was accompanied with elevated pigment biosynthesis.
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L

0 24 48 72 96 120 144 168 192

Figure 1: Kinetic parameter — product synthesis (v) of (A) total pigment content (TP), (B) total
lipid content (TL) and (C) fatty free dry cell weight (ffDCW)

Content of carotenoid pigments in cells was enhanced using lower C/N ratios.
Results in Fig. 1A proved, that glucose exhaustion triggered carotenoid accumulation in
the yeast. Decrease of lipid content is also associated with pigment biosynthesis. Fatty
acids are degraded to acetyl-CoA through B-oxidation used as a substrate for mevalonate
pathway, first branch of carotenoid pigments biosynthesis.

The question is which fatty acids are involved to pigment formation. It was found
that reduction of oleic acid content from 51.9 mg/g DCW to 19.7 mg/g DCW under C/N
ratio 20:1 was accompanied by rapid enhancement of carotenoid level in the yeast cells.
The measured kinetic parameters proved the correlation between the metabolic flux of
carbon from glucose to lipids and finally after glucose exhaustion from lipids (especially
oleic acid) to pigments (Fig. 2A and 2B).
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Figure 2: Kinetic parameter — specific rate of product synthesis (q) of (A) total lipid content (TL)
and (B) total pigment content (TP)

4 Conclusion

In this research we confirmed connection among carbon starvation and biosynthesis
of lipids and carotenoid pigments. Carotenoid formation is strictly associated to
exhaustion of glucose as a primary carbon source. After glucose utilization from media
red yeast Rhodotorula glutinis used intracellular fatty acids as a secondary energy and
metabolic source where mainly oleic acid was probably used as a carbon source for
carotenoid formation in R. glutinis.
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1 Introduction

Approximately 90% of small molecular weight drug candidates under development
have poor aqueous solubility !. This fact can be seen as one of the most pressing problems
in drug research and development since most active pharmaceutical ingredients (API) are
administered via the oral route, where dissolution in the gastric and intestinal fluids is one
of the main prerequisites for the biological activity of any given APIL Problems in finding
an appropriate drug delivery system for poorly water soluble API can severely
compromise the chance of the API to be further developed. Therefore, it is necessary to
overcome problems associated with limited dissolution of an API in order to enable
promising drug candidates to reach the patients.

One of the most promising approaches in the development of drug delivery systems
to improve the efficacy of new drugs is the conversion of a crystalline drug to its
respective amorphous counterpart 2. However, the main drawback of the use of individual
amorphous drugs is their physical instability during manufacturing, storage or
administration with respect to their inherent tendency to recrystallize due to the fact that
they are thermodynamically unstable3 One strategy to improve the stability of
amorphous drugs is to incorporate them into amorphous polymers to create glass
solutions 4, which can be described as molecular mixtures of a drug and a hydrophilic
polymer. The increased physical stability of these amorphous systems can be explained (at
least in part) by their increased glass transition temperature (Ts), compared to the Tsof the
pure amorphous drug, resulting from the frequently high T; of the polymers.

However, this approach has severe drawbacks, mainly due to the commonly high
hygroscopicity of the polymers. Water, acting as a plasticizer, will strongly lower the Tj of
the glass solution, soften the amorphous mixture, increase molecular mobility within the
glass, and thus increase the likelihood for crystallization of the drug. Another drawback of
the use of polymers in glass solutions can be limited miscibility of the drug into the
polymer. Thus, often large amounts of polymer are required for sufficient drug loading
and this in turn leads to large bulk volumes of the final dosage form5 ¢ 8.

In this case we tried used aminoacid as stabilizer and PVP¢7. As drug we used
Indomethacin - poorly water soluble BCS class II drug. Indomethacin is a nonsteroidal
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anti-inflammatory drug (NSAID) that reduces fever, pain and inflammation. We tried to
prepare co-amorphous mixtures with aminoacid and polymer and will see that is
working, is stable or not.

2 Materials and methods

2.1 Materials

Indomethacin (IND, M=357.79 g/mol) was purchased from Hawking, Inc.
Pharmaceutical Group (Minneapolis, USA). The amino acids L-tryptophan (TRP,
M=204.23 g/mol) was obtained from Sigma-Aldrich (St. Louis, USA). As
polyvinylpyrrolidon, was selected Kollidon VA 64 from BASF (The Chemical Company,
Germany). All compounds were used as received.

2.1 Methods

Preparation of the amorphous form

Co-amorphous blends of drug, amino acid and PVP were prepared by vibrational
ball milling. The ball milling samples were produced by placing a total mass of 500 mg of
the crystalline compounds, or the appropriate amount of drug and amino acid at the
molar ratio 1:1 with 0 %, 1 %, 2 %, 5 % of PVP, respectively, into 25 ml milling jars with
two 12 mm stainless steel balls, and milling at 30 Hz for 90 min in an oscillatory ball mill
(Mixer Mill MM400, Retch GmbH & Co., Haan, Germany), which was placed in a cold
room (+6 °C).

X-ray powder diffraction (XRPD)

XRPD was performed using an X'Pert PANalytical X'Pert PRO X-ray Diffractometer
(Almelo, Netherlands) using Cu Ka radiation (A = 1.54187 A). An acceleration voltage and
current of 45 kV and 40 mA were used. Samples were scanned in reflection mode between
5° and 35° 20/s and a step size of 0.0262606°. Data were collected and analysed using the
software X'Pert Data Collector (PANalytical B. V., Almelo, Netherlands).

Differential scanning calorimetry (DSC)

DSC measurements were performed on a Discovery DSC (TA Instruments, New
Castle, DE, USA). Approximately 5 mg of sample was analysed in an aluminum Tzero
pan sealed with an aluminum Tzero lid. Measurements were performed in modulated
temperature mode in the temperature range from -20 to 180 °C with an applied heating
rate of 2 K/min, modulation amplitude of 0.2120 °C, and a period of 40 s. A constant
nitrogen flow rate of 50 mL/min was applied. Routine calibration of temperature and
enthalpy was performed on an indium standard. Cell constant and Tzero calibrations
were performed with sapphire. Analysis was performed using Trios software (TA
Instruments-Waters LLC, New Castle, DE, USA). The Tg was calculated as the midpoint of
onset and end temperature of three independent samples.
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Physical stability

The co-amorphous mixtures were stored in desiccators under dry conditions (silica
gel) at 40 °C and in desiccator under room temperature and 60 % relative humidity.
Samples were repeatedly analysed by XRPD to investigate possible recrystallization of
drug and amino acids.

3 Results

X-ray powder diffraction (XRPD)
Determination of Successful Amorphization by XRPD

Success in amorphization was determined by the detection of a halo as the only
feature in the XRPD diffractogram. In Table 1 we can see that amorphization was success
in all mixtures. Results are in figure 1, 2. In Figure 1 are XRPD diffractograms of the
materials before and after ball mill. Tryptophan was amorphous but only after ball mill,
his recrystallization started very quickly.

In Figure 2 are XRPD diffractograms of the materials after ball preparation by ball
bill.

Table 1: Samples prepared by ball milling and the possible amorphization

Sample content l\:[;:zr Success in amorphization Stability
IND - yes Not stable
TRP - yes Not stable
IND-TRP 1:1 yes 30 days (more)
IND-TRP +1 % PVP 1:1 yes 30 days (more)
IND-TRP +2 % PVP 1:1 yes 30 days (more)
IND-TRP +5 % PVP 1:1 yes 30 days (more)
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Figure 1: XRPD diffractograms of the materials immediately after preparation: a) individually
components, individually components after ball mill.
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Figure 2: XRPD diffractograms of the materials immediately after preparation: co-amorphous IND
mixtures after ball mill.

Physical stability

The co-amorphous mixtures were stored in desiccators under dry conditions (silica
gel) at 40 °C and in desiccator under room temperature and 60 % relative humidity.
Samples were repeatedly analysed by XRPD to investigate possible recrystallization of
drug and amino acids.

Types of results are in figure 3, 4 after one month in desiccators. In XRPD
diffractograms we cannot differencies in diffractograms after preparation and after
storage. All samples are still amorphous form.
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Figure 3: XRPD diffractograms from the stability study of the ball milled amorphous materials
after 1 month storage in desiccator under 60 % RH at room temperature.
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Figure 4: XRPD diffractograms from the stability study of the ball milled amorphous materials
after 1 month storage in desiccator under dry conditions at 40 °C.

Differential scanning calorimetry (DSC)

The thermal properties of the samples were investigated by DSC. All co-amorphous
mixtures revealed a single glass transition temperature (Tg) - Table 2 indicating that they
are homogeneous. This means that all the compounds in the mixture are fully dissolved in
each other. The Tgs of the amino acids was not possible because ball milling of the pure
amino acids did not result in amorphization-only few minutes. In table 2 are glass
transition for all samples. We can investigate that addition of PVP has good response,
because with higher addition of PVP we have higher glass transition temperature.
Indomethacin has also higher glass temperature in amorphous form in mixture than
indomethacin in crystallization form.

DSC measurements, revealing a single Ty for all co-amorphous drug mixtures. Type
of results is in the Fig. 5 IND, TRP + 2 % PVP mixture.
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Figure 5: DSC thermogram showing the Ty of ball mill prepared IND, TRP + 2 % PVP mixture

Table 2: Experimental Tys (with standard deviation) of the pure drugs and the co-amorphous
binary and ternary mixtures in ratio 1:1

Sample content T (°C) Sample content Ty (°C)
IND 41 IND-TRP +1 % PVP 91,17
TRP - IND-TRP +2 % PVP 91,52
IND-TRP 90,6 IND-TRP +5 % PVP 92,11

4 Conclusions

In this study, mechanical activation ball milling was successfully applied to obtain
co-amorphous mixtures of indomethacin and as stabilizers was used tryptophan and
addition of PVP Kollidon VA 64. Formation of single phase co-amorphous mixtures with
mixture ratio 1:1 (indomethacin + tryptophan) was detected by DSC. Glass transition
increases with addition of PVP. Stability studies revealed increased storage stability that
and showed that the most stable mixtures 1:1 with PVP were stable for over one months at
all storage conditions. The improved compared to the amorphous physical mixtures
stability can be attributed to the formation of an IND-TRY molecular mixture where
aminoacid acts as a stabilizing component (anti-plasticizer), which is beneficial for
stability even in the absence of molecular interactions.
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Deposition of thin films as gas barrier protection of materials against external influ-
ences has become more and more utilized in recent years. Original research of these barri-
er coatings is connected to evolving space research and space flights in 1980s. Nowadays,
knowledge gained in this field is used in various industrial applications such as microelec-
tronics, food packaging, anticorrosion layers etc. It is an alternative way how to relative-
ly fast and effectively save cultural heritage from corrosion destruction. The treatment of
original archaeologic objects needs many specific requirements. Protective coating used on
archaeological items has to be removable through a soft simple technological procedure.

Based on our experience in recent work, parylene (poly-para-xylylene) was chosen
as a suitable candidate for preparation of thin barrier films for this purpose. Parylene is
characteristic by chemically inertness, conformity of the coating, transparency and excellent
barrier properties. It is commonly used in wide range of industries, particularly in biomedi-
cine and microelectronics. However it is not possible to remove parylene film directly with-
out harming artefacts. One of the possible ways to solve this problem is to develop soluble
interlayer between metal and parylene film.

The aim of this study is to prepare parylene coatings with the functional interlayer
made of special silicone-acrylic lacquer Laksil. Parylene films were prepared via chemical
vapour deposition method in so called Gorham process. The dip coating method was used
for Laksil films preparation.

This study deals with deposition of the multilayer described above on iron, coper,
brass and bronze model sample. Prepared layers were characterized by various methods
to obtain information about their thickness (ellipsometry, profilometry), surface morpholo-
gy of layers (SEM), barrier properties (Oxygen Transmission Rate measurements). Optical
properties were determined using colouristic measurements in order to evaluate the influ-
ence of deposited multilayer on appearance of metallic samples. Standard corrosion tests
were performed in a salt spray chamber to assess the effectiveness of corrosion protection
of developed barrier multilayers. Photographic documentation of corrosion progress was
created. It was found out that addition of Laksil interlayer resulted in significant improve-
ment of barrier properties in comparison with parylene film itself.

Keywords: archaeological artefacts, metals, corrosion protection, parylene, thin films.
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1 Introduction

Photometric detection in the deep-UV region (wavelengths bellow 300 nm) is
of fundamental importance in detection and monitoring of numerous analytes in areas of
(bio)chemical analysis, forensics, pharmaceutical, environment and other applications.
Benefits of portability of analytical devices would be lost for systems dependent on bulky
and heavy detection components. Especially in the area of optical detection, it is still
aproblem to source small and low cost but well performing commercial devices,
compatible with miniaturized analytical apparatus. Recently new inexpensive, simple and
robust deep UV LEDs became commercially available [1], which opened up new
possibilities for design of portable absorption and fluorescence detectors for capillary
flow-through techniques such as flow injection analysis (FIA), liquid chromatography
(LC) and capillary electrophoresis (CE). The lowest wavelengths LEDs commercially
available are at ~240 nm. This wavelength region below 250 nm has shown only a slowest
progress. From the first use of a deep-UV LED (255 nm, only ca 15 pW) in an “in-house”
on capillary detector in CE [2], next articles described to use the same kind of LED. These
LED were very limited in their optical power, and had a very short lifetime. Recently
anew generation of deep-UV LED based on different semiconductor materials emerged.
This new generation of deep-UV LED has been demonstrated in a CE system and this
work has been published this year [3]. In this work we present characterization test and
use a newer line of LEDs, offering long lifetime and substantially higher optical power.
Characterization of 255 nm and 280 nm deep-UV LEDs is detailed including a comparison
with the older line deep-UV LED. Designs and applications are investigated, where those
LEDs are incorporated into a simple low cost optical cell, in a high sensitivity Z-cell, or are
combined with electrochemical detection. The detection designs are investigated with
a modular flexible microfluidic platform used for miniaturized capillary LC [4].
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2 Experimental

New generation of deep-UV LEDs based on AIN material with emission at 255 nm
and 280 nm (OPTAN255H and OPTAN280], Crystal IS, USA) was used. The obtained data
were compared with the older generation of deep UV (UVTOP 255-HL, SETi, USA). LED
spectra were recorded using a fiber optics CCD Spectrophotometer (OceanOptics 2000,
USA). For the determination of radiometric power a silicon photodiode (UV-100,
Roithner-Laser, Germany) was used. The voltage and current were measured by
a multimeter (Tenma, USA). A performance test of the deep-UV LEDs incorporated in
an on-capillary detector was realized with the help of a capillary alignment interface
(Agilent, Germany), and a silicone photodetector (TOCON_ABC2, SgLux, Germany) was
placed on the opposite site of the capillary in an in-house designed holder [1]. The signal
from the photodiode was connected to a data acquisition system (eDAQ, Australia),
connected to a PC. This detector was then tested with a modular miniaturized LC station.
The performance of this optical detection is demonstrated in an isocratic separation of
a mixture of parabens [4]. Hyphenated detection technique with end-capillary screen
printed electrode (Pt/AgCl) in wall-jet arrangement of electrochemistry cell (FC2-WJ, BVT,
Czech Republic) was tested. Further, usage of the deep-UV LED combined with high
sensitivity Z-cell (Knauer, Germany) was tested.

3 Results and Discussion

The previous generations of deep-UV LEDs, called here also older line, suffered
drawbacks in terms of their low optical power (in the range of uW), strong parasitic
emission in the visible spectrum range and broader bandwidth for major emission
wavelength. The differences in emission spectra between the old and new lines of deep-
UV LEDs are shown in Figure 1.
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Fig. 1. Comparison of old (A) and new (B) emission spectra of deep-UV LEDs.

Other problems for the previous old line of deep-UV LED was their short lifetime
and excessive heating. Relatively recently marketed new generation of deep-UV LEDs
exhibit significant improvements in those key parameters. In this work we investigated
optical characteristics of representatives of this new line of deep-UV LEDs, specifically
with emission maxima at 255 and 280 nm. We tested their optical power (0.6 and 1.5 mW,
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respectively) and emission spectra, showing a significant decrease in the visible parasitic
emission bands. A summary of key parameters is shown in Table 1. The implementation
of a deep UV absorbance detector into the miniaturised LC and FIA systems is shown. The
short time baseline noise of was approximately 0.15 mAU, which is comparable with
published literature. The hyphenation with electrochemistry end-capillary detection was
successfully tested in FIA mode and it is visualized by injection of 4 nL 1.1 mM
methylparaben in water/MeCN 50/50. Finally, a combination of 250 nm deep-UV LED
with a high sensitivity Z-cell is demonstrated showing a satisfactory performance.

Table 1: Selected parameters of older (UVTOP255-HL) and newer (OPTAN255H)
line of deep UV LEDs.

Parameters OPTAN255H UVTOP255-HL
Radiant power (mW) 0.57 0.014
Lifetime (Hours) 3 000 200
Prize (AUSS$) 300 700
Emission band width (nm) 11 25
Compounds AIN AlGaN

4 Conclusion

New generation of LEDs was used for in house designed on capillary photometric
detector as a part of a portable capillary liquid chromatography system based on
a microfluidic platform. The detector noise and sensitivity were satisfactory. The
advantage in the field of new technologies opened a way for next generation of low cost
LEDs operating in the deep UV area and having a longer lifetime and sufficient optical
power for analytical use.
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A lot of metallic archaeological artefacts is suffering because of an inappropriate pro-
tection and bad storage conditions in museums. That is why there is an intention to develop
a procedure that will secure these objects better. There is an effort to prepare protective
layer with good barrier properties in order to stop creation of corrosion centers and the cor-
rosion propagation as well. Material for those applications must be easily removable (e.g.
for later analysis) and transparent (for later exhibition). There is also a requirement that the
treatment must not harm the sample or sample surface.

According to our experiments and literature research, poly-paraxylylene based film
(type Parylene C) deposited on metallic substrates by Chemical Vapour Deposition was
chosen as promising material for archaeological artefacts preservation. Parylene C films
have great barrier properties but its hardness and mechanical resistance are inadequate
especially during manipulation.

Therefore our work is focused on deposition of an additional protective hard coating
layer based on SiO-like coating for improving mechanical properties with conservation of
its barrier properties. The optimization of thin film preparation process was carried out in
order to obtain functional protection system.

Keywords: Parylene, CVD, PECVD, barrier properties.

The author didn’t submit the contribution before the proceedings deadline.

322



Flame Retardants and Their Occurrence in
the Terrestrial Ecosystem

Viclav Chytil
Milada Viavrova

Brno University of Technology, Faculty of Chemistry, Institute of Chemistry and Technology of
Environmental Protection
Zavodni 1456, 687 25 Hluk
xcchytilv@fch.vutbr.cz

1 Introduction

Flame retardants are compounds added to manufactured materials, such as plastics
and textiles, and surface finishes and coatings that inhibit, suppress, or delay the
production of flames to prevent the spread of fire. This study was focused on the analysis
of four compounds from a brominated flame retardants group. Pentabromoethylbenzene
(PBEB),  hexabromocyclododecane = (HBCD),  hexabromobenzene (HBB) and
tetrabromobisphenol A (TBBPA) are primarily used in wide range of polymeric materials,
textiles and wood products. In addition, bisphenol A (BPA) was also measured. This
compound does not directly belong to the BFRs group but it is a starting substance for
production of TBBPA and its derivatives. General use of this substance is in production of
various polycarbonate materials and epoxy resins.

2 Experimental

Matrices were represented by four soil samples and four seats of fire samples. First
sampling site was chosen on the basis of the fire in the industrial area near Chropyné,
where many plastic products are made. Also a warehouse with plastic materials for
land behind the gardens. Smoke from the fire in the industrial area diffused in the
opposite direction so this place should be appropriate for comparison. Relative position of
these 2 sampling sites is about 2.5 km as the crow flies. For the comparison of abundance
of target compounds in directly and indirectly contaminated soils, four samples from
various seats of fire were analyzed.

Analytical method development consisted of many optimizations. Three various
extraction techniques were tested, each in different conditions. Pressurized solvent
extraction had the best efficiency for most of the target compounds. Stability in strongly
acidic conditions was also tested. Recovery was higher than 70 % for all of analytes, so
sulfuric acid treated silica gel was tried for the clean-up of the extracts. Later it showed
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that neither acidic nor basic silica gel is appropriate and neutral form is sufficient. In the
case of eluting solvents the need of slightly polar one was discovered.

Standards were prepared in two different solvents and better solubility for most of
the analytes was proven in toluene. BPA and TBBPA had to be derivatized prior to gas
chromatographic determination. Acetic anhydride in pyridine was selected as derivatizing
agent. On the basis of detection limits, gas chromatography with electron capture
detection was chosen as an appropriate analytical tool for the determination of BFRs. On
the other hand, BPA was determined by gas chromatography with time-of-flight mass
spectrometric detection.

Whole analytical process was three times repeated for each sample and in the graph
below (Figure 1) there are mean values for concentrations in dry matter of samples taken
near the industrial area in Chropyné. ,t“ at HBCD means ,total” or the sum of three
isomers of this compound. The highest amount of all determined compounds was proven
in sample no. 2 which was represented by the soil from Chropyné. TBBPA was not
detected in any of these samples that is why it is not shown in the graph.
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Figure 1: Graph of mean values for concentration in dry mater (ng/g) of samples taken near the
industrial area

Samples from the seats of fire were analyzed the same way as those from Chropyné.
The most contaminated sample was from the seat of fire of Melicharka restaurant in
Brandys nad Labem (Figure 2). On the contrary, the least contaminated place was the
forest burnt-out area near Velmovice. TBBPA was not detected in this series of samples
(either).

324



OPBEB B t-HBCD OHBB Od-BPA

concentration [ng/d]
(5]
o

[
(=
L

10 4

0 [ ] m 0

Brandys nad Labem Radostovice Velmovice MalSice
- Melicharka restaurant - farm building -forest - collection place

Figure 2: Graph of mean values for concentration in dry mater (ng/g) of samples from various seats

of fire

4 Conclusion

We reached a conclusion that the most abundant analyte was the
hexabromocyclododecane which was quantified in all matrices in the range of 7.018-
81.88 ng/g dry weight. On the contrary, tetrabromobisphenol A was not proven in any of
analyzed samples. The ash from the Brandys nad Labem restaurant fire contained the
highest amount of all target compounds (total 118.2 ng/g dw). The least contaminated
place was the forest burnt-out area near Velmovice (hexabromocyclododecane only,
7.843 ng/g dw). As for soil samples, greater concentrations were found in the area near the
industrial site in Chropyné, where a store of plastic materials burnt down in 2011. The
analysis of the seat of fire samples showed that compounds of interest are more abundant
in ash than in a soil part (some of them were mixtures of ash and soil). All measured
concentrations fall within a range in which these analytes are present at many other places
in the world (tenths to tens ng/g dw)1234,
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1 Introduction

Skin is the largest organ of the body" 23. It forms important natural barrier between
the body and external environment. Hence, skin plays a key role in the defense against
pathogens and excessive water loss*. The structure of human skin is very similar to the
structure of pig skin (PS)>¢. Therefore, in this work the PS was used as a model of the
human skin. The skin structure is divided into three main parts — epidermis, dermis and
subcutis. The epidermis forms the uppermost part of the skin and consists of stratified
epithelial squamous cells, predominantly from corneocytes (95 %). The uppermost layer
of epidermis, stratum corneum (SC), is formed by dead, fully keratin cells, whose cell
membrane is replaced by ceramides, the substances with lipid character*¢78. SC is the
main barrier for permeation of substances through the skin primarily due to the structural
arrangement and extending of the lipid layer. For monitoring of substances permeation
many factors have to be considered, e. g. particle size and its distribution, shape and
polarity of particles, hydration and the age and condition of the skin diseases*°.

Infrared (IR) absorption and Raman scattering are noninvasive optical effects, which
have been used for in vivo and in vitro studies of the skin for several years'®2. These
methods of vibrational spectroscopy have been used in various biological and medical
applications, e.g. it has been applied for the identification of the skin diseases such as
psoriasis!- 12, atopic eczema'>'* or melanoma'> 16, monitoring of the drugs
permeation/transports through the skin'”'8, to describe the wound healing process'® or
early diagnosis of skin cancer?. Both methods are challenging e.g. to study the
penetration of drugs through the skin or for analysis of substances contained in the skin
surface (water content measurement?! 2, determining the structure of ceramides?2, or
detection of melanin??).

The healing effects of gold or silver nanoparticles (AgNPs/AuNPs) are already
known from ancient times!?.242527, The evident interest in the use of these nanoparticles
(NPs) for cure the skin diseases, better penetration of drugs and reduction of side effects
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in recent year increases considerably'0.24 252627 AgNPs, due to their antiseptic properties,
are widely used in creams, textiles, local medicines or surgical prostheses!?® 2628, Regarding
AgNPs deposition in the dermis they cannot get into the systemic circulation and
therefore should not affect any organs?>28. On the other hand AuNPs are carriers with
anti-inflammatory properties useful for targeted drug delivery. One of the most attractive
features of AuNPs is their interaction with thiols which provide effective and selective
control of intracellular release. AuNPs can be used as transdermal or oral drugs
carriers? 2.

In this work, besides of pure basic ointment (BO) or NPs-modified BO, B group
vitamins thiamine (B1) and pyridoxine (B6), were selected to study their penetration
through the skin. Vitamin B1 or its derivate is used for treating or preventing diseases due
to inhibition of amine oxidase enzyme. Vitamin Bl has many uses especially in the
treatment of skin inflammatory diseases (contact dermatitis, atopic dermatitis
or psoriasis)®. Vitamin B6 is essential for skin development and maintenance, and,
moreover, exhibits protective roles in cardiovascular disease, diabetes or colon
carcinogenesis®!.

2 Experimental

2.1 Materials

Silver nitrate (AgNOs, Sigma Aldrich), sodium borohydride (NaBHi, Fluka
Analytical), trisodium citrate dihydrate (Merck), potassium tetrachloroaurate (KAuCls,
Sigma Aldrich), thiamine hydrochloride (Sigma Aldrich) and pyridoxine hydrochloride
(Sigma Aldrich) were analytical grade and used without further purification. All aqueous
solutions were made using ultrahigh purity water purified using a Milli-Q® system.
Samples of PS from pig ears were provided by Institute of Chemical Drugs, University of
Veterinary and Pharmaceutical Science, Brno. Skin pieces with the size about 2 x 2 cm
were stored in the freezer at less than —18 °C and were used immediately after defrosting.
In this study Leciderma Shea Neutral from company Original ATOK was used as a basic
ointment (BO).

2.2 Methods

UV-Vis absorption spectra were measured in a quartz cuvette (5 mm) by GBC Cintra
404 spectrophotometer (wavelength 300 — 800 nm, recording speed 300 nm/min, spectral
slit width 2 nm). IR reflectance spectra were collected by Nicolet FT-IR 6700 (Thermo
Scientific, USA) spectrometer with ATR adapter (MIRacle, PIKE Technologies, USA), with
ZnSe crystal. The IR 4 cm! resolved spectra were results of 128 scans (zero filling 0)
acquired under control of the software Omnic 8.1. Raman 4 cm-! resolved spectra were
collected by FTIR spectrometer Equinox 55 (Bruker) with Raman module FRA 106/S
(Bruker) accumulating 128 and Nd:YAG laser (1064 nm) using the software Opus 6.5.
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2.3 Preparation of Standard and “Green” NPs

* Reduction of AgNOs: by NaBH4 was used to prepare AgB_NPs32.

* Reduction of AgNOs or KAuCl by sodium citrate was used for preparation
of AgC_NPs% and AuC_NPs3.

* “Green” synthesis of NPs was examined using following reducing agents:
amylose?, gelatin’, D-glucose (D-Glu)¥, ascorbic acid (AA)3.

2.4 Preparation of Creams with NPs

Prepared NPs were centrifuged (14 000 rpm, 20 minutes), and mixed in the BO in
weight proportions 1:1, 3:1 and 5:1 (amount of BO : amount of NPs). Thus, nine series of
modified BO with NPs were examined further: three series of BO with AgB_NPs addition
(e.g. AgB_1:1), three series of BO with AgC_NPs addition (e.g. AgC_3:1) and three series
of BO with AuC_NPs addition (e.g. AuC_5:1) were prepared. For the study of vitamins
penetration vitamins B1 and B6 were selected. Each vitamin was mixed with the BO in the
weight proportion 20:1 (BO : vitamin, for mixture of the Bl and BO abbreviated BO_B1,
for mixture of the B6 and BO abbreviated BO_B6). AuNPs in weight proportion 1:1 or
AgNPs in weight proportions 1:1 and 3:1 (e.g. AgB_1:1_B1, AgC_3:1_B6) were mixed to
this creams in the same manner as in the case of the original BO. In the case of “green”
NPs, only the weight proportion 3:1 (BO : NPs) was used consistently. Immediately after
mixing, all creams were applied to the defrosted untreated PS surface at laboratory
temperature.

2.5 Measurement of IR and Raman Spectra and their Statistical Evaluation

A defrosted untreated sample of PS was fixed to the clean ATR crystal, firmly
pressed by the pressure apparatus and closed with a cap because of prevention the
variation of CO2 and humidity during measurement. One series of spectra was recorded
during two hours with five minutes intervals between each measurement (25 spectra in
one series). In the case of treated samples of PS a thin film of the prepared cream was
applied to the untreated temperate PS surface. Subsequently, the samples were examined
as in the case of the untreated PS. Raman spectra of both treated and untreated PS were
collected similarly during two hours.

All the measured IR spectra were corrected using the reference spectra of humidity
and CO:z. IR spectrum of water was subtracted only from IR spectra of treated PS because
of the water rest in centrifuged NPs. Then all the corrected IR spectra were normalized
to absorbance value from 0 to 1 due to the contact variability between ATR crystal and
sample. In the case of Raman spectra, a reference Raman spectrum of untreated PS was
subtracted from all Raman spectra of treated PS. Processed Raman spectra were further
normalized in the same way as IR spectra.

Normalized spectra were evaluated by multivariate statistical methods namely
Partial Least Squares (PLS) regression, Principal Component Analysis (PCA) and Soft
Independent Modelling of Class Analogy (SIMCA). Non-normalized spectra were used to
study spectral changes (of both band intensities and band shifts).
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3 Results and Discussion

3.1IR and Raman Spectrum of Untreated PS

IR spectrum of untreated PS exhibit strong bands of amidic vibrational modes
(1630 cm-1, 1552 cm!, 1091 cm-!) which are assigned to the high content of keratins (95 %)
situated in SC. Characteristic bands of CHs- and -CH»- functional groups (2922 cm-,
2852 cm-1, 1453 cm') belong to the saturated aliphatic skeletons and their occurrence is
caused evidently by the contribution of aliphatic chains in keratins and ceramides as
constituents of SC. A presence of the band attributed to OH- stretching vibrational modes
(3513 cm) is the result of overlapping features of evident amount of water in cuticle and
the presence of the epidermal cutaneous polymeric pigments of melanin rich in the OH-
groups. Finally, the further apparent bands assigned to (partially unsaturated) fatty esters
(1745 cm=! — could be also enhanced by overlap with vibration of melanin, 1240 cm-,
1161 cm-1) are observed in the spectrum of PS.

In the case of Raman spectrum of PS, only strong spectral features of saturated
aliphatic skeletons (2936 cm-!, 2849 cm-?, 1449 cm') and an evident band of amidic group
(1657 cm-1) were observed.

3.2 Band Shifts in IR Spectra caused by NPs Addition

From unprocessed spectral series, average spectra and spectral records of variance
were calculated. No apparent band shifts were observed comparing spectra of untreated
PS with PS treated only by BO. However, addition of NPs caused evident band shifts
especially in the case of AgB_1:1, AgB_3:1 and AuC_1:1. Significant band shifts exceeding
8 cm-! are summarized in the table 1. The largest spectral shifts (above 10 cm-1) were
observed for C = O stretching modes of amide groups (for AgB_1:1 and AgB_3:1) and in
deformation modes of CH2 group (only for AgB_1:1 and AuC_1:1). These shifts
correspond to the AgB_NPs (1:1, 3:1) or AuC_NPs (1:1) interactions with the lipid and
keratin components in the SC. A lower quantity of NPs had no apparent effect on the
shifts of vibrational bands which means there were no significant interactions between SC
and NPs. In the case of AgC_NPs no interactions were observed at all.

Table 1: Spectral shifts of some characteristic vibrational bands caused by NPs addition

Spectral shifts fromBO [cm™] AgB_1:1[cm™] AgB_3:1[cm™]  AuC_1:1[cm™]

1630 v(CO) — amide | 1641 1640 /
1552 O(NH) — amide Il 1544 1543 /
1453 6(CH>) 1467 / 1463

3.3 IR Spectral Effect of Addition of Different Type/Quantity of the NPs

For the investigation of the spectral time dependence, the areas assigned to the
vibration modes of amides I and II (1640 cm!, 1544 cm!), ester carbonyl (1744 cm),
saturated aliphatic skeleton (1460 cm1) and OH-vibrations (1400 cm!) for BO and all BO
modified by NPs were calculated in the program OMNIC 8. The comparison graphs are
shown in the figure 1. for amide bands of the pure BO and the BO with different types of
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the NPs (a) and the BO with different quantity of the AgB_NPs (b) It is evident, that not
only type of the NPs, but also different quantities of added NPs plays a key role for the
modification of the skin penetration. The graph a) demonstrates how the type of the NPs
influences the penetration process. In the case of using AgB_1:1 there is the minimum
intensity/area already after 60 minutes, whereas in the case of the AgC_1:1 is the
minimum after 85 minutes and for the AuC_1:1 it corresponds to 110% minute. The graph
b) shows how the amount of added NPs influences the penetration. As it was mentioned
above; the system AgB_1:1 had minimum intensity after 60 minutes. AgB_3:1 reaches
minimum intensity at 85 minute and in the case of the AgB_5:1 even after two hours of the
measurement we do not observed the limit of the intensity decrease to the minimum.
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Figure 1: The time courses of amide bands a) for different types of NPs, b) for different amount
of NPs in BO; compared with pure BO

Besides the previous results, the spectrum of the BO two hours after treatment
the PS was compared with the spectra of the BO modified by different types of the NPs
also after two hours after application to the PS. The biggest penetration enhancement
occurred in the case of AgNPs especially in the weight ratios 1:1. The decrease of the NPs
amount in the BO caused an evident reduction in the penetration, but in all cases the
effects of the presence NPs were perceptible. A comparison of the BO and BO with NPs in
the ratio 1:1 is shown in the figure 2. It is evident, that the presence of the NPs enhances
the penetration of the substances from BO to the skin. As has been written above, the most
prominent effect to the penetration is exhibited by AgNPs. The area of the stretching and
deformation OH-vibrations (1) become almost a zero value. In the case of AgB_1:1 only
vibration bands of the aliphatic skeleton are observed (3). In the spectrum of AgC_1:1, in
the addition to the aliphatic skeleton, also vibrations of the amides (2) and carbonyl from
the unsaturated esters (4) are apparently visible. AuC_1:1 also enhances/supports the
penetration, but to a significantly less extent than AgNPs.
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Figure 2: The comparison of the IR spectra of BO and BO modified by NPs (ratio 1:1) two hours
after treatment. 1 — OH-vibrations, 2 —amides (1, Il and I1I), 3 — aliphatic skeleton, 4 — unsaturated
esters

3.4 Pyridoxine and Thiamine Penetration

In the next step, the vitamins B6 or B1 were added to the BO and to the BO modified
by AgNPs in the weight ratios 1:1 and 3:1 and AuNPs in the weight ratio 1:1. Addition of
these vitamins caused spectral evidence of the bands typical for each of thevitamins. The
characteristic IR bands for B6 are 1274 cm-! and 1211 cm-!, for B1 1382 cm-! and 1048 cm-!.
In the case of B6, the minimum intensity/area of its peaks was reached after 115 minutes,
85 minutes and 95 minutes for BO_B6, AgC_1:1_B6 and AgC_3:1_B6, respectively. In the
case of Bl, the minimum intensity/area of its peaks was observed after 110 minutes,
65 minutes and 85 minutes for BO_B1, AgB_1:1_B1 and AgB_3:1_B1, respectively. The
addition of the AgNPs caused the acceleration of the vitamins permeation to the PS.
AgB_NPs accelerated penetration of the B6 for 20 minutes (3:1) and 40 minutes (1:1), of the
B1 30 minutes (3:1) and 50 minutes (1:1). AgC_NPs accelerated penetration of the B6 for
15 minutes (3:1) and 25 minutes (1:1) and of the B1 for 25 minutes (3:1) and 35 minutes
(1:1). The addition of AuNPs caused acceleration of penetration just 10 minutes compared
to pure BO. Figure 3 presents spectra of the B6 (a) and Bl addition (b) with marked
characteristic IR bands for each vitamin. All spectra were obtained two hours after
treatment. It is evident that characteristic vibrational bands of vitamins in the BO with
AgNPs exhibit lower intensity than the corresponding bands for the BO without NPs.
These results confirm that AgNPs significantly enhance the penetration.
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Figure 3: IR spectra marked by characteristic vibrational bands for a) B6, b) B1 acquired
120 minutes after treatment of pure PS

3.5 Multivariate Statistical Evaluation of IR and Raman Spectra

The PLS regression method gives a possibility of time prediction for the kinetic
measurement of IR spectra. Reliable kinetic models were found for individual types of
penetration experiments. The figure 4 shows the time prediction for IR spectra of AgB_3:1
system, which shows that experimental time is almost identical with the predicted time. In
all other cases of IR and Raman kinetic spectral series the PLS models were similar.

8 I time

- RMSEC: 0.265 Cor. Coeff.: 1.0000
= T RMSEP: 0.978 Com. Coeff.: 0.9338
D -
=21 6 factors used -
= O Calibration
o3 + Validation
© | .
o -

-3

-3 Actual
Figure 4: Time prediction (e.g. AgB_3:1)

Arrangement of the data along the principal components (PCs) shows the distances
of the individual spectra for each of the series to PC1 and PC2. A score plot is given in the
figure 5 which is typical for all IR spectral series of NPs-modified BO. The course of the
score values can be divided into three main parts (marked I, II and III). In the first part
(from 0 minutes to 70 minutes) data are arranged rather along PC2 and they are almost
undifferentiated. In the second part (from 70 minutes to 100 minutes), the spectral data are
arranged evidently along PC1. This part of the score graph corresponds to the main part
of the penetration process; data are extremely well differentiated due to the larger
distances of the points related to very significant and systematic changes in the spectra.
The last part (IIl - from 100 minutes to 120 minutes) shows that points are arranged
mainly along PC2 again, but they are still very well differentiated. The more successful
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penetration of the substances from BO to the skin leads generally to the greater
differentiation of the individual spectra in the time evolution.

PC2 Scores
- 120

« 115

1105

PC1

3 2
PCA_AgC1_1, X-expl: 90% 8%

Figure 5: Arrangement of the data along the principal components for IR spectra; I — the first part,
II — the second part, 111 — the third part (numeric value represents time in minutes)

Calculated PCA models of PS, BO and each type of the NPs mixed into the BO were
used for a classification by multivariate method SIMCA. The classification revealed that
the IR spectra of PS and pure BO are reliably recognizable from the spectra of BO with
NPs. The IR spectra of the NPs in BO in weight ratios 1:1 and 3:1 are distinguishable from
each other too. However, IR spectra of AuC_5:1 are recognizable in the time frame up to
60 minutes after application to the PS while the series of AgNPs (5:1) from 90 minutes
after treatment. Using the parameter “discriminant power”, spectral bands were
investigated, which contributed to the mutual resolution of two classes/series of the
spectra. Individual series differ by characteristic bands in the range of saturated aliphatic
skeleton, carbonyl and OH-group. AuC_l:1 differs from other series also by bands
attributed to C =C double bonds. The results from SIMCA show, that the effect of NPs
addition into the BO is observable especially in the weight ratios 1:1 and 3:1, at lower
amounts of NPs the spectra are interchangeable with spectra of other series corresponding
to low contents of NPs.

In the case of Raman spectra, grouping of spectral series along PC1 and PC2 is
shown in the figure 6. Compared to IR spectra only a few series of Raman spectra were
differentiated; the blue circle belongs to Raman spectra of untreated PS, the red ellipsoid
and the green one involve Raman spectra of PS treated by BO with addition of AgNPs and
AuNPs prepared by AA as a reducing agent and the orange ellipsoid relates to Raman
spectra of PS treated by BO with addition of AgNPs reduced by D-Glu. All
undifferentiated spectra are situated almost along PC2. These results were confirmed by
SIMCA analysis.
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Figure 6: Organization of Raman spectra series along PCs; blue — untreated PS, red — AgNPs
reduced by AA, green — AuNPs reduced by AA, — AgNPs reduced by D-Glu

4 Conclusion

The subject of this study was the vibrational spectroscopic examination of the
interactions of the model samples of PS with BO and its analogues with vitamins, which
were modified by different types and quantities of AgNPs or AuNPs. The study was
focused mainly on the examination of the series of time-dependent spectra, revealing the
enhancement of the substance penetration from BO into the PS by IR and Raman kinetic
spectroscopic measurements.

The IR spectral data show, that the bands in the spectra of PS treated by BO without
NPs exhibit no band shifts relative to the spectra of the untreated PS. Due to the addition
of NPs shifts of some characteristic bands, predominantly amides I and II and
deformation vibration bands of saturated aliphatic skeletons, were apparent. These shifts
are caused by the interactions of modified BO with keratin and lipid components of the
skin.

Application of NPs in different weight proportions stimulates intensity changes in
the all spectral series. The maximal penetration effects were obtained by weight ratio 1:1,
the penetration acceleration effect was progressively minimized by reduction of the
amount of NPs in BO. This conclusion was confirmed further by the results of the
multivariate statistical analysis from which revealed that NPs in the weight ratios 1:1 and
3:1 are significantly distinguishable from the other series of the spectra. The penetration
enhancement was also examined in the presence of vitamins B6 and B1 additions to the
BO. The selected NPs had influence to the accelerated penetration of the vitamins to the
PS.

The study showed that the effects of quantities and types of NPs on skin penetration
characteristics are evident and the penetration mechanism will be further studied by near
field IR microspectroscopy and confocal Raman microspectroscopy.
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Two-photon absorption (2PA) is nonlinear optical phenomenon. The main difference
between one-photon absorption (1PA) and 2PA is that 2PA involves simultaneous absorp-
tion of two photons of half of the energy (or twice the wavelength) of one molecule. Because
of this difference 2PA has many advantages in comparison with traditional 1PA and we
can use it in many applications, for instance three dimensional fluorescence microscopy,
lithographic nanofabrication, three dimensional data storage, optical power limiting, pho-
todynamic therapy, and for the localized release of bio-active species.

These applications require new dyes with high two-photon absorption cross-section.
Two-photon absorption cross-section describes efficiency of 2PA process in molecule with
the given wavelength. If we want to produce this dye, we have to understand the relation-
ship between the chemical structure and 2PA properties.

The aim of this contribution is the study of 2PA properties derivatives diketo-pyrro-
lo-pyrrole, particularly two-photon absorption cross-section. We use Nd:YAG laser with
TWHM 30 ps as the excitation source. Rhodamine B and Rhodamine 6G were used as stan-
dards for measuring of two-photon excited fluorescence.

Keywords: two-photon absorption, nonlinear optical phenomenon, two-photon excit-
ed fluorescence, two-photon absorption cross-section.

The author didn't submit the contribution before the proceedings deadline.
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1 Introduction

Many researchers are trying to solve the problem with continuous increasing
degradation of agricultural lands. The ground is still more and more devastated mainly
because of its wasteful cultivation and excessive fertilization. These facts have big impact
on the loss of soil organic matter. The solution of these problems can be found in
application of humic substances which constitute the most ubiquitous source of soil
organic matter in nature'. They have important role in soil fertility such as stimulating
plant growth, enhancing the resistance of crops, improving soil structure and increasing
soil retention of water and fertilizer2.

The most important fraction of humic substances are humic acids®. There is a very
compex way of their dissolution in the water solution which affects their transport from
soil into the herbal body* Research of humic acid’s transportation is very important
mainly because of our understanding of their function in nature*’. They are able to
difusse themselves through various environment moreover they can work as a transport
vehicle for other compounds’. The application of humic acids into the environment is very
important especially for their ability to form water-soluble complex in reaction with
metals8-11.

Superabsorbent polymers are loosely crosslinked, three dimensional networks of
flexible polymer chains that carry dissociated, ionic groups which cause their ability to
absorb large quantities of water and other aqueous solutions without dissolving by
solvation of water molecules via hydrogel bonds.

Superabsorbent polymers have a wide range of usage. In the field of agriculture and
environmental protection they are very often used as a water hanger during a dry season
nowadays. In contrary they avoid to decay of plants’ root system in the time of heavy
rains. There is a new trend in a field of superabsorbent polymers and it is an incorporation
of fertilizers into the gel structure. This can be consider as a functional system which
allows controlled release of substances that support growing and maturing of plants. Such
mechanism solves the problem with flushing of fertilizers into deep underground water
and avoids to overferilize of ground as well'? 13,

In this work, novel superabsorbent material for agricultural and environmental
application was reported. The properties of specific superabsorbent polymers are
extremely important for selecting a material for a given application. Here will be
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discussed method of characterizing superabsorbent polymers using rheological
techniques to probe their mechanical response. Further, there will be comparison of their
swelling behaviour.

2 Experimental

2.1 Materials

Six different samples of superabsorbent polymers based on acrylic acid were used in
this work. All of them have a certain addition of NPK fertilizer. Some of them have also an
addition of humic substance in a form of commercial lignohumate. Furthermore the
samples also differ in a content of acrylamide in the structure. There was big effort to
avoid presence of acrylamide in the structure of superabsorbent because of its toxicity.
Accurate representation of these selected substances can be found in Table 1.

Table 1: Table title

sample A B C D E F

NPK [%] 1 10 1 10 1 10
lignohumate no no yes yes Yes yes
acrylamide yes yes no no Yes yes

These samples were prepared in cooperation with Amagro, s.r.o. company and their
composition will not be specified in more details because of the intellectual property
protection.

2.2 Swelling measurements

Monitoring of swelling behavior was carried out by very simple method, sometimes
referred to as “tea bag” method. 0.5 g of each sample was immersed in excess distilled
water of volume 200 mL at room temperature for 24 hours to reach the swelling
equilibrium. Swollen samples were then separated from unabsorbed water. Water
absorbency in distilled water of the superabsorbent composite Q, was calculated using the
following equation:

m-m
Q=—-"[g/g] M)
mO
where mo and m are the weights of the dry sample and swollen sample, respectively. Q is
calculated as grams of water per gram of dry sample. On the Figure 1 a) is displayed
xerogel of superabsorbent polymer before immersion to the excess of distilled water. On
the b) there is a swollen gel after 24 hours in the water.
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Figure 1: a) Xerogel of superabsorbent polymer; b) Swollen superabsorbent polymer

2.3 Viscoelastic measurements

The viscoelastic experiments of the fully swollen superabsorbent polymer particles
were carried out in Anton Paar Physica MCR 501 rheometer (see Figure 2) partially
according to a previously reported method'. The measurement was done at 30 + 2 °C
using a parallel plate system (PP25-SN6375, 1 mm diameter) at 1 mm gap. Viscoelastic
measurements, oscillation — frequency sweep and strain sweep, were performed for each
sample and the obtained values of moduli G’'and G’* were compared. Storage modulus G’
is proportional to the extent of the elastic component and loss modulus G’’ is rational to
the extent of the viscous component of the system. The strength of materials is measured
by the magnitude of tan d (the ratio G"'/G’), where 0 is a phase angle.

Figure 2: Anton Paar Physica MCR 501
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3. Result and discussion

Swelling behaviour of all superabsorbent samples were determined by the
measurement of water absorbency. The results show that all samples exhibit very good
swelling properties, as it is displayed on Figure 3. The results revealed some interesting
findings. The samples differed from each other by special composition that is shown in
Table 1. There is a significant negative effect on superabsorbent swelling properties
caused by the higher content of NPK in the structure of sample. These samples B, D and F
reflect much lower ability to absorb surrounding water and they were not followed to the
further testing. Samples with an addition of lignohumate swelled significantly better than
samples without lignohumate. That is caused by hydrophilic character of lignohumate.

268.16 244.70

A mB mC mD mE mF

Figure 3: Water absorbency Q of SAP samples

Viscoelastic studies of these swollen superabsorbent samples were determined by
means of the rheological method. Determination of the linear viscoelatic region was
performed by strain sweep experiments. Loss modulus and storage modulus are
independent of the stress amplitude as it is displayed on Figure 4. The storage modulus
was always larger than the loss modulus at the linear viscoelastic region.

Values of tan d are plotted in Figure 5. As is mentioned before, tan 8 is the ratio of
G"'/G’, where is a phase angle. If the value of tan  is larger than 1, it means G”" is higher
than G, the system behaves like a liquid. In contrary, if the value of tan d is smaller than
1, it means G”’ is smaller than G’, the superabsorbent exhibits solid-like behaviour.
Accordingly, the strength of the interaction or network structure is basically measured by
the magnitude of tan d. The smaller the tan d is, the stronger the interaction becomes.
There are results which show that the strength of the superabsorbents inversely correlates
with their water absorbency.
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Figure 4: Example of measured viscoelastic properties of the superabsorbent
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Figure 5: Example of measured viscoelastic properties of the superabsorbent.

4 Conclusion

Novel superabsorbent composites for agricultural and environmental usage were
developed and investigated. There were several samples with various composition
compared. The result of our experiments showed that we are able to prepare
superabsorbent polymers of various swelling behaviour. Storage modulus obtained from
viscoelastic measurements indicated that an increase in swelling capacity led to a decrease
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in gel strength. Used sampes of superabsorbent polymers behave as viscoelastic solids.
Because the polymer network is crosslinked, the gel network consists of one very large
branched polymer which spans the entire gel. These samples exhibit huge potential to
become one of the modern forms of fertilizer which can provide matrix for sustainable
controlled release system.
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1 Introduction

Heat capacity belongs among important physicochemical quantities which
characterize a compound. It is directly linked with temperature derivatives of basic
thermodynamic functions and therefore indispensable for the calculation of differences in
these functions between different temperatures. This information is then used in chemical
engineering for establishing energy balances or in thermodynamics for computing
entropy and enthalpy values.! The difference between heat capacity of gas phase and
condensed phase is directly linked by exact thermodynamic relationships with vapor
pressure and therefore can be used for simultaneous correlation of these two quantities.>

Heat capacity C is defined by the differential equation

-(Q
CX_(T]X’ (1)

where Q means the amount of heat exchanged between the system and the surroundings
when the temperature T changes under conditions specified by x. Heat capacity can be
measured under constant volume, than x = V and it is called isochoric heat capacity, or
under constant pressure, than x = p and it is called isobaric heat capacity.

Method used for determining heat capacities is calorimetry. There are many
calorimetric techniques and types of heat capacity calorimeters. As the most precise
technique is considered the adiabatic calorimetry which can produce high quality data
over wide range of temperatures with relative error between 0.05 % and 0.1 %.! Main
disadvantage of this method is the non-availability of commercial instruments (their
construction is both complicated and time-consuming).

Widely used technique is differential scanning technique (or differential scanning
calorimetry, DSC) with twin vessel arrangement where the temperature of measuring and
reference cells is increased simultaneously over a wide temperature range and the effect
corresponding to the difference in the thermal response of the two cells is measured
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directly. There are commercially available instruments and one can work with small
amount of sample.5

1.1 Thermal Relaxation Calorimetry

Thermal relaxation calorimetry is a technique of heat capacity measurement
developed in 1970’s.6 Today, there are commercially available instruments which enable
measurement of heat capacity in wide range of temperatures. Mass of sample required is
in order of milligrams. The basic concept of thermal relaxation calorimetry is shown in
Figure 1.

Thermal bath Apiezon
S, . A,
e Wire Sample A
S, ¥ A
rrrr EEEEY
A, L,
S, Platf A,
atform
e Heater  Thermometr -

Figure 1: Basic concept of thermal relaxation calorimetry

The sample is attached to the platform and the platform is linked through thin wires
to the heat sink which is held at constant temperature. On the bottom side of platform,
there is the heater and the thermometer. Constant power, P, is applied to the platform for
a period of time, during which the temperature rises. Then the heater is turned off and the
temperature drops. This process is shown in Figure 2.

45.80

45.20

45,00
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Figure 2: Time dependence of temperature of sample

The time dependence of temperature of sample can be described by using two
models. In simpler one, there is assumed perfect thermal contact between the sample and
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the platform. Then the differential equation representing heat balance equation can be
written:

P) = T +K,(TO-T,), @

where P is power, ¢ time, Cuotal heat capacity of sample and platform, T temperature of
sample and platform, Kw heat conductivity of wires which connect platform with heat
sink and Tb temperature of heat sink. In time interval from 0 to to, constant power Po is
applied and then the heater is turned off (i. e. P = 0). Solution of equation (2) with
boundary conditions T(0) = To and Toti(to) = Ton(to) is as following:

T, (t) =Pyr (1= )/ Cy +T, (o<t<t,)
T(t)= , ®)
T =Pyr(l-e ™ )e " /Cpy +T, (t>t,)

where Ton, resp. Toit describes time dependence of temperature in time range when heater
is turned on, resp. off. The quantity denoted as 7 is relaxation time and is defined as

r= total ( 4)

Kw, To and Crotal are unknowns obtained by minimizing objective function
S(Clutal’ Kw’Tb) = Z(T (t| ) _T| )2 (5)

where T(t) is temperature recorded during measurement and Ti result of equation (3).

Assumption of perfect thermal contact between sample and platform is not usually
fulfilled. Therefore it is better to use more complicated model which assumes imperfect
thermal contact between sample and platform and which consists of set of two differential
(heat balance) equations:

P(t) =C,u % +K, (Tadd(t) _Tb) +K (Ts(t) _Tadd(t))

t
¢, 90 _
dt

, (6)
Kg (Tadd (t) _Ts(t))

where quantities used have the same meaning as in equation (2) and moreover Cadd is heat
capacity of addenda (for explanation of this term see section 2.2), Tadd temperature of
addenda (which is slightly different from temperature of sample), Kg heat conductivity of
grease which is used to attach the sample to the platform, Ts temperature of the sample
and Cs heat capacity of the sample. The analytical solution of set of equations (3) can be
expressed in the form of sum of two exponentials:

349



T(@t)=T,+Ae"*+Be"'" %)

where A, B, 11 and 72 are expressions containing Cadd, Cs, Kg, Kw and To. Time constant 71 is
much longer than time constant 72. Solution of set of equations (3) proposed Hwang? and
it is adopted in fitting algorithm used in PPMS software for evaluating heat capacity of
sample.

2 Experimental

On the market, there are available commercial apparatus for heat capacity
measurements using method of thermal relaxation calorimetry. One of them is produced
by Quantum Design (USA, San Diego) and is called PPMS (Physical Property
Measurement System). This system can be used for measurement of magnetic and electric
properties of materials too. Heat capacity option was introduced in 1998 on the market
and since then it became very popular among scientists. More than 300 scientific articles
with data measured using PPMS heat capacity option were published but just a few
workers reported details about their measurements and examined performance of their
apparatus.

2.1 Materials

For performance of PPMS heat capacity option testing, synthetic sapphire and
copper were used. Both materials are calorimetric standards and high quality heat
capacity data from adiabatic calorimeters are available for them.® Sample of sapphire
(standard compound for Netzsch calorimeters) used had mass of 13.76 mg and square
shape (3 x 3) mm?2 Three samples of copper with different masses were prepared by
cutting from OFHC (Oxygen Free High Conductivity) copper sealing supplied by Pfeiffer
Vacuum. Masses of these three samples were 31.67 mg, 64.26 mg and 127.46 mg. All of
them were washed in solutions of hydrochloric acid and nitric acid after cutting according
to NIST recommendation.’

For testing of abilities of the PPMS to measure powdered or volatile samples,
anthracene (supplied by Sigma-Aldrich) in form of pellet of mass 38.23 mg was used. This
pellet was closed in an aluminum DSC pan with mass of 52.45 mg (supplier: TA
Instruments).

Apiezon N grease (ANG) was used to attach sample on the measuring platform. The
grease serves not only as mechanical support (the sample doesn’t fall down from the
platform) but as a thermal connection between sample and platform too. Amount of ANG
typically used was approximately 0.5 mg.

2.2 Measurement procedure

Measurement of heat capacity of sample consists from two steps - addenda
measurement and sample measurement. Addenda measurement means heat capacity
measurement of empty platform (which has square shape with dimensions (3 x 3) mm?
and which is made from sapphire in case of PPMS) with small amount of Apiezon N
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grease. Sample measurement is then heat capacity measurement of system consisting from
sample and platform with small amount of Apiezon N grease. Heat capacity of sample is
finally evaluated in software MultiVu which is delivered as a part of PPMS. Principles of
this procedure were briefly described in section 1.1.

Heat capacity measurement of sample closed in DSC pan has to be done in three or
four step procedure. Three steps are needed in case that the DSC pan doesn’t have to be
removed from the platform to insert sample inside. This is the case of present work. First
step is addenda measurement, second step is measurement of heat capacity of empty DSC
pan and third step is measurement of heat capacity of DSC pan with sample inside. Heat
capacity of sample is than computed as difference between Cp of DSC pan with sample
inside and C» of empty DSC pan. This procedure has to be done manually outside
MultiVu software because this type of measurement was not expected by designing PPMS
heat capacity option.

Temperature range used for measurements was (2 - 300) K. In this range, individual
temperature points were chosen. Distances between each two points were between 5 K
and 10 K by temperatures higher than 30 K, 2 K in temperature range 10 K to 30 K and less
than 2 K by temperatures lower than 10 K. At each temperature, heat capacity
measurement was repeated three times.

3 Results and Discussion

3.1 Testing of apparatus — heat capacity of copper and sapphire

Obtained values of heat capacities of sapphire and copper were compared to
literature values. For this purpose, high quality data from adiabatic calorimeters by
Dietmars et al.! for sapphire and by White and Collocott!! for copper were used. In these
articles, there can be found analytical expressions for temperature dependence of heat
capacity for both compounds. These expressions are valid in temperature range (8.61 -
2 250) K for sapphire and (0.3-1 300) K for copper.

Relative deviations of data measured using PPMS from data measured on adiabatic
calorimeters for sapphire and copper are shown in figures 3 and 4.

In both figures, 3 and 4, is each experiment (denoted by letters A, B, C...) showed by
different symbol and each run by different color of given symbol (run 1 - blue, run 2 — red,
run 3 — black). It can be seen that first run usually differs significantly from second and
third run. When only second run and third run are considered, the relative deviation from
literature values for sapphire is less than 2 % above 100 K. Bellow 100 K, the relative
deviation becomes larger, reaching nearly 25 % below 10 K. Explanation of possible
reasons of such large deviation proposes Lashley'> (1) there is no electron specific-heat
contribution to the total specific heat; (2) sapphire has a high Debye temperature and the
phonon contribution to the total specific heat is small below 60 K; (3) the low density of
sapphire limits the number of atoms that can be placed on the 9 mm? sample platform,
and the sample-to-addenda heat capacity ratio drops steadily with decreasing
temperature; and (4) there are large error bars on the reference data set on the NIST
sapphire below 60 K, and sample-to-sample variations, including differences in
concentration of O vacancies are common.
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The contribution of sample heat capacity to the total heat capacity should be
examined too. Ratio of sample heat capacity to addenda heat capacity is showed in figure
3. The higher contribution of sample heat capacity to the total heat capacity, the better.
This can be fulfilled when sample with bigger mass is used. But then, the sample has
bigger volume and there can form temperature gradient through it (especially in case of
insulators). Therefore it is hard to find an “ideal” sample from point of view of mass.
Kennedy recommends to use more samples with different masses and to compare
obtained results among themselves.1?
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Figure 3: Relative deviation of heat capacity measured using PPMS (Cpexp) from literature
values (Ct) for sapphire (13.76 mg) In legend, letters A, B, C... denote individual
experiment

From figure 4 can be seen that the relative deviation from literature values for
copper (when second run and third run are considered) is less than 1 % in temperature
range 100 K - 300 K, below 100 K, the relative deviation rises to 3 %. When compared
results for different masses of sample, it can be concluded that the relative deviation from
literature values (and therefore the heat capacity measured using PPMS too) is
independent on the mass used in case of copper. But this conclusion can’t be generalized
for all compounds.
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Figure 4: Relative deviation of heat capacity measured using PPMS (Cy®) from literature
values (Clit) for copper. In legend, letters A, B, C... denote individual experiments, given
mass means mass of sample used

3.2 Measurement of heat capacity of anthracene sealed in DSC pan

Measurement of heat capacity of powdered or volatile samples sealed in DSC pans
first proposed Marriott in his Ph.D. thesis¥ 15 and latter Dachs and Bertholdi.'® In
literature, there are reported another encapsulation techniques too.7-1?

Marriott!s used in his work aluminum DSC pans (Perkin-Elmer, Kit No. 0219-0062,
mass of ca. 25 mg) with Apiezon N inside the pan. Tested compounds were benzoic acid
and copper standards. The accuracy claimed is 2 % in temperature range 1 K — 300 K.

Dachs and Bertholdi'® used in their work non-specified aluminum DSC pans. Tested
compounds were sapphire, fayalite and sanidine. Apiezon N was not applied inside the
pan. Authors claim that highest accuracy was achieved when the samples (single crystals
or sintered powder) were directly placed on the platform. When the heat capacity was
measured on powders sealed in DSC pan, the accuracy didn’t achieve such high level, but
data were systematically lower by 1-2 % than published data.

In this work, anthracene in form of pellet was used and measurement was carried
out without Apiezon N inside the pan. Anthracene was chosen because it is a member of
compound group studied in our laboratory. Obtained results were compared with data
from adiabatic calorimeter reported by Goursot et al.?? In figure 5, there is shown ratio of
heat capacity reported in literature to heat capacity measured on PPMS. The large
discrepancy between literature values and results from PPMS can be caused by non-ideal
thermal contact between DSC pan and pellet or temperature gradient through the pellet.

Next experiments are in plan to find out limitations of this technique and
possibilities to improve it.
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Figure 5: Ratio of literature values of heat capacity of anthracene (Cpt) to heat capacity of
anthracene sealed in aluminum DSC pan measured on PPMS (Cpexp)
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1 Introduction

Hydrogen economy represents a possible new direction for energy applications.
Probably the best-known part of this concept is the use of hydrogen in the automotive
industry as a future replacement of fossil fuels, however the potential of its applications is
much wider. Although the real deployment of hydrogen technologies is a long-term issue,
we can find a range of demonstration applications that support the development of the
concept already’.

Hydrogen as a new energy carrier of the future is a very topical area of research. The
basic areas of interest can be divided in 4 main fields of research: hydrogen production
(from fossil and renewable sources), hydrogen storage (physical/chemical ways),
hydrogen use (fuel cells and combustion engines) and hydrogen infrastructure (on site/off
site production, pipeline systems etc.).

The contribution will present a contemporary overview of state of the art of
hydrogen technologies in the context of European Union based on author’s experience
gained during his bachelor (topic of thesis: hydrogen storage possibilities for mobility
transport) and master studies (topic of thesis: hydrogen production by photocatalytic
water splitting).

The final part of the presentation will focus on the author’s topical field of the study
that is the concept of a wastewater plant (WWTP) as a “biorefinery”, which is also the
topic of author’s Ph.D. studies. The main area of discussion is going to be devoted to the
topic of WWTP as a possible future renewable energy source through the production of
biogas and biohydrogen.

Motto:
“It is not really a question of whether we can afford the hydrogen infrastructure. The question is

whether we can afford not to have hydrogen infrastructure if we want to use renewables”

Charlie Frees, Executive Director of Global Fuel Cell Activities, General Motors?
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2 Overview of Hydrogen Technologies

The cities and the livability of cities are changing and evolving very rapidly. Until
2050, the majority of people of the planet should be living in cities and cities should
become more friendly organic structures for everyday life3.

New development of cities is closely related to air pollution problem from transport
and industry. This represents a very important and already topical problem for megapolis
such as London or Tokyo. It is thus probable, that the fulfilment of the ecological limits in
big cities in near future is not going to be viable*.

Transport as practically the biggest air polluter of the city environment is then the
first place of interest of majority of political initiatives towards the improvement of living
standards. From the point of view of the hydrogen technologies as a potential clean
energy source, this attention enables the realization of demonstrative projects that are very
important for the development of whole concept of hydrogen economy, because the
demonstration projects are important to bring necessary political and also public attention
towards hydrogen technologies. The improvement of public awareness about hydrogen
technologies in the area of safety measures historically connected to hydrogen is also very
important! > 67,

The use of hydrogen in real-world applications in automotive transport is already
the reality in public transportt. The broadening of hydrogen use towards personal
mobility vehicles can be expected in very near future (in 2015 was released into the serial
production the second car in the world based on hydrogen fuel — Toyota Mirai)°. There are
two main factors that impede the overall development and incorporation of hydrogen
technologies. The first one is the price of such products and the second one is the lack of
necessary infrastructure. The price is expected to decrease together with increasing
demand for these technologies and overall decrease of manufacturing cost of these
products in future. The topic of infrastructure is more complicated and there are several
issues that have to be resolved yet. Nevertheless there is already an existing strong
potential to build the necessary infrastructure today. Author can’t forget to mention in the
context of Europe the German initiate to build 400 hydrogen fuelling stations until 202310.
The overview of so called ,Hydrogen Challenge” can be schematically viewed on
Figure 1.

THE HYDROGEN CHALLENGE

The future of hydrogen fuel-cell vehicles depends on advances in four
key areas: the hydrogen source, the distribution infrastructure, Fuel tank

the on-board fueltank and the on-board fuelcel
Infrastructure ~
s d

must store

Figure 1: Hydrogen Mobile Economy OuverviewkError! Reference source not found.
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Hydrogen technologies are very attractive mainly because of their broaden
application range. One of the most promising application outside the automotive industry
is then the possibility of use of hydrogen as a “stabilization” of electrical grids with the
goal of solving the problem of storing the overproduction of electrical energy!!.

From the global point of hydrogen related research, there are 4 main fields of
interest: hydrogen production (from fossil and renewable sources), hydrogen storage
(physical/chemical ways), hydrogen use (fuel cells and combustion engines) and
hydrogen infrastructure (on site/off site production, pipeline systems etc.). The
contribution will focus now on two of the topics - hydrogen storage (author’s bachelor
thesis topic) and hydrogen production (author’s master thesis topic).

2.1 Hydrogen Storage

The position of hydrogen storage technologies in the value chain of hydrogen
economy (see Figure 1) is located in the core of the hydrogen economy. Without an
effective and proper possibility to store produced hydrogen, the development of related
technologies can’t be effective too. For this reason hydrogen storage represents one of the
main drawbacks of the hydrogen economy concept. There are two main areas and 8 sub-
areas in today's research of the storage possibilities (see Figure 2). The areas are physical-
based storage (compressed gas, liquefied gas, cold/cryo compressed gas) and material-
based storage (high-porosity materials — adsorbents, organic liquids and interstitial,
complex and chemical hydrogen). There is also one more subgroup inside the metal
hydrides, called structural hydrides that can be represented e.g. by MgH2 hydride. From
the point of the state of the art of each technology, the compressed gas storage and
liquefied gas storage can been seen as a mature technologies for mobile application
together with semi-mature technologies of structural (metal) hydrides for stationary
applications. The rest of the technologies is still in the experimental development”.

How is hydrogen stored?

Material-based

Liquid H,

Physical-based

Cold/Cryo
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Figure 2: Hydrogen Storage Possibilities™
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The parametric analysis of main hydrogen storage possibilities are listed in the
Table 1. Each of the possibilities has its advantages and drawbacks. The compressed gas
technology is very useful as a contemporary hydrogen storage option because of the
maturity of the technology but in the long term, there is only not a sufficient energy in the
tank to be able to drive same range of kilometres as with conventional fuels. On the other
side, the structural (metal) hydrides are too heavy to become a mobile hydrogen storage
option, but for the stationary application it can be useful. For this reason, there is a
necessity to think about the use of particular technology together with the application
needed” 13.

Table 1: Hydrogen storage possibilities parametric analysis’. 13.

Type of

storage Compressed Metal hydrides Chemical

gas hydrogen
Parametre Structural | Interstitial | Complex

Adsorption

Gravimetric
capacity

Volume
capacity

Regeneration
Thermodynamics
Kinetics

Effectivity

2.2 Hydrogen Production

The hydrogen production topic is very closely related with the overall goal of
hydrogen economy itself. The concept of hydrogen economy is based on the effort to
fulfill these two goals. The first is to reduce the dependency on fossil (non-renewable)
sources, thus the hydrogen should be produced from renewable sources. The second goal
is related to the concern for how the production is accomplished and used for different
applications, because only possibility for enabling sustainable growth and to stop negative
impact on the environment through the implementation of hydrogen technologies is to
produce hydrogen by environment-friendly methods?.

There are several alternatives how to produce hydrogen today. Some of them are
based on fossil sources others are renewable-based. The contemporary trend towards the
green economy favors as expected the use of renewable sources for the production of
hydrogen, but from the point of view of the current situation in the hydrogen market, the
production from fossil fuels will be still dominant for a longer period of time, especially
for the possible transition period from carbon-based to low-carbon based economy? 14.
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The general scheme of hydrogen production technologies can be seen on Figure 3.
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Figure 3: Hydrogen Production TechnologiesError! Reference source not found.

As evident from the Figure 3, there is a same conceptual question towards the use of
particular hydrogen production technology as it is with the use of hydrogen storage
possibilities. Firstly the implementation of any of these technologies should be considered
with respect to planned used, because there are several infrastructural points, which have
to be optimized for particular use.

The already established technologies of today are natural gas reforming, biomass
gasification for central production plants and natural gas reforming together with semi-
mature technology of electrolysis (connected to grid) for distributed production. The rest
of the technologies is still in the experimental or basic research development, but there is
some substantial progress in these areas in recent years'. Author’s master thesis was
focused on the basic research in the area of photocatalytic water splitting. The primary
focus was on the production of hydrogen based on photocatalytic water splitting in the
presence of semiconductor materials (especially modified and unmodified TiOz). The aim
of the thesis was to synthetize a nanostructured oxide, graphene/graphene oxide particles
and its composites and to study its structures and photocatalytic properties regarding
photolysis of water. Products of the syntheses were described from the point of view of
phase composition, surface area and photocatalytic activity. The main output of the thesis
is a discussion of the influence of alkaline complex forming reagents on the hydrothermal
low-temperature synthesis of biphasic TiO2, and a study of the influence of
graphene/graphene oxide modification on photocatalytic activity of biphasic TiO2!4.

The thesis was also focused on the synthesis of new material called graphene. This
material is very often named as “wonder material” or “material of future” and can among
other fields also revolutionize hydrogen technologies towards real-world applications.
Some of the results of coupled approached of graphene mixed with already existing
hydrogen technologies are already under extensive research and represent a great
promise for the future'é 17. The importance of graphene (the first 2D material) can be seen
especially in the context of European Union, because graphene became one of the funded
flagship initiatives of Future and Emerging Technologies called “Graphene Flagship”.
There is 1 billion Euro to spend on graphene research between 2013 and 2023 because of
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this flagship's. In addition to this the home of Graphene, where graphene was firstly
isolated — Manchester (University of Manchester) — is also located in European Union™.

2.3 Hydrogen Technologies in Europe

The historical point marking the beginning of intensive research of hydrogen
technologies in the European Union was at 2003, same time like in the USA. The
memorandum of international cooperation in research and development between EU and
USA in the field of hydrogen technologies was signed in that year?. Because of this The
European Hydrogen and Fuel Cells Technology Platform was founded. The new
institution was responsible for the basic analysis of European approach towards hydrogen
technologies and for the preparation of strategic documents for the future development in
this field’”. The basic strategic document derived from this initiative was created and
named as “Strategic Research Agenda”?'. This document set among other topics the
initiative to create national hydrogen technology platforms in the whole EU (Norway,
Lithuania, Czech Republic, etc.). In 2008 The European Hydrogen and Fuel Cells
Technology Platform was substitute by new entity called Fuel Cell and Hydrogen Joint
Undertaking (FCH-JU)” 2. FCH-JU basic objective is to connect all mayor players of
European hydrogen research and to develop suitable environment for the development of
these technologies. FCH-JU is also part of so called ,,SET-Plan”(European Strategic Energy
Technology Plan)?. This document represents the overall document for the energy related
strategic topics and establishes the activities of FCH-JU in the context of another European
strategic document (white paper) for new transport system called ,Roadmap to single
European transport Area — Towards a competitive and resource efficient transport
system” from 28. 3. 2011, where hydrogen technologies are one of the first choice towards
the goals of the strategic document?. This trend is also supported by the communication
of European Commission from 24. 1. 2013 about the European strategy for alternative
fuels” 25 % and the new European directive?’.

The leading countries of hydrogen technologies incorporation in Europe are Germany,
United Kingdom of Great Britain and Northern Ireland and northern countries together
with Iceland?. The overall support in the EU for the development and use of hydrogen
technologies are very positive and more broader applications of these technologies started
already from 2014 (together with new calls of European funding mechanism, where the
local authorities are supported to incorporate the hydrogen technologies in local energy
strategies). There is a prevision of substantial increase of use of hydrogen cars in 2025%.
The most well-known demonstration project of hydrogen technologies in EU is probably
the project called , HyFleet:cute”, that enabled the use of hydrogen buses in 10 largest
cities in Europe” .

3 WWTP as a Biorefinery

The final part of the contribution focuses on the author’s topical field of the study
that is the concept of a wastewater plant (WWTP) as a “biorefinery”, which is also the
topic of author’s Ph.D. studies. The main area of discussion is going to be devoted to the
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topic of WWTP as a possible future renewable energy source through the production of
biogas and biohydrogen.

3.1 Topicality of the project

The importance of author’s Ph.D. project is reflected in the necessity for finding
anew solutions for modern towns and cities towards the long-lasting sustainable growth
based on effective resource management and use of renewable energy sources such as
biomass. This trend is clearly visible in the new modern megacities such as Singapore or
Soul or in the states with proactive green policy towards “SMART” solutions for regional
infrastructure. In light of SMART approaches to sustainable development, there is a clear
trend in energy and substance optimization of wastewater treatment plants (WWTPs).
This trend is especially reflected with respect to PE (population equivalent) as a specific
mensural unit for energy needed for wastewater disposal for one person, where there is
approximately 15-20 % of energy loss on every inhabitant as was discussed for example at
IWA (International Water Association) Conference in Prague in the start of September
(2015)%. Together with energy optimization is also very important to optimize the
substance flows at WWTPs.

The Ph.D. project beside the energy and substance optimization focuses also on
another important topic, that is the development of hydrogen economy as one of the
leading energy variants for the future, especially in the Czech Republic (the importance of
this issue is also reflected in the actualized State National Energy Concept together with
the proof, that biomass as a renewable energy is one of the major sources)?!. Last (but) not
least, the topic is important from the point of the possible change of the paradigm of
perception of WWTPs as non-important infrastructure serving only like a “filter” on the
roadmap of modern cities towards the idea and presentation of WWTPs like modern
technological facilities that produce valuable resources.

Thus the main overall goal of the project is raw (energy) material optimization of
WWTPs with the use of modern sensors, modelling software and new technologies and to
broaden the new approaches towards practical applications especially in the Czech
Republic as a biomass sources are suitable to be locally optimized. The topicality of the
project is also reflected in the new ways of funding opportunities in the European Union
for the period 2016-2020.

3.2 Goals and Original Output:

The main goal of the project is the development of particular method for validation
of new possibilities of energy production and optimization from wastewater sources from
the technologies of WWTPs and the place of available biodegradable waste as a source for
biogas and biohydrogen. The main original output of the project should be application,
extension and modification of general models for mathematical modelling of WWTPs for
optimization of biogas and especially biohydrogen production.

3.3 Theoretical background

The WWTPs as a renewable sources of energy are discussed for a long period of
time, but only recent development and new technologies available enabling the hidden
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potential of this approach®. The starting point of the project, as discussed above, is the
creation of methods and guidelines together with broadening of the knowledge of
mathematical modelling and process optimization of WWTPs. The project comes in the
symbolical period time, when it is more than 25 years since the presentation of first
unified model for simulation of activated sludge (Activated Sludge Model 1 — ASM1)
developed by the task group of International Water Association (IWA)33. With respect to
this historical point, the specialized book “Application of Activated Sludge Models” was
published, that sums up the theoretical knowledge up to present days and sets the trends
for the future. The use of mathematical modelling for the optimization of activated sludge
processes for biological removal of macronutrients can be taken as verified and modern
tool for WWTP administration, because the unified models presented by IWA fostered
and speeded up the development of such tools. For that reason the proposed project is
going to be based on verified models and build upon on it, but what it still missing and it
is under current development is so called. “plant-wide” simulation models, that would
enable to work with the operational plant as a one big complex and hopefully in the future
also to simulate the sewer system together with WWTP. Under the cited “plant-wide”
concept of simulation belongs also the use of WWTP as a renewable source of energy,
because processes governing the activated sludge treatment are based on different
principles than anaerobic digestion of biogas and biohydrogen. For this reason is
necessary to find new and to verified current models for the new usage and investigate
possible new extensions or alterations (e.g. to find an optimal ASM/ADM model
connection of variables, ADM = Activated Digestion Model)3*. The field of simulation is
specific in the point, that all proposed solutions have to be verified with sufficient number
or real time results, to being able to validate the theoretical concepts. Thus is important in
this field to have the possibility of real-world application of the concept, that can’t be
usually easily simulated in the laboratory environment®. For these reasons, the
importance of all the participating partners should be emphasized, because without this
cooperation, the project would not be able to come into existence.

In this context it is also important to point out that the basic theoretical starting
point of these models is not the maximum complexity, but primarily its overall simplicity
and usefulness that can be reached only by the intersection of empirical and theoretical
knowledge®. As professor Ollson says in his new book, “Water and Energy: Threats and
Opportunities — Second Edition”, only the latest development of the technology enabled
us to fully make use of theoretical possibilities of optimization thanks to every time
increasing level of computational hardware and thus we are able to thing about new type
of application of modelling software as optimization of WWTP together with the focus on
energy neutrality or even energy positivity output®?. Both the production of biogas and
biohydrogen belongs to the renewable resources that are gentle towards the environment
and for this is necessary to take them into consideration for overall energy production
strategy®. The prove for this argument can be found also in the study of National
Laboratory of Renewable Resources (NREL, USA), that describes the connection between
the possibilities of biogas and biohydrogen production with respect to the biomass
availability in the USA3.
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Regarding the theoretical background, the project should develop a new knowledge

regarding these fields:
1. Energy and substance optimization of WWTPs
2. Practical development of new hydrogen technologies
3. Development of mathematical modelling of WWTPs
4. Optimization and validation of proposed method by the WWTP plant operator

partner

4 Conclusion

The contribution presented a topical overview of part of the hydrogen economy
within the context of European Union. The author hopes that this brief summary can be
useful as a quick opening guidance in the area of hydrogen technologies. To conclude the
author would like to express his personal opinion about hydrogen technologies. The
author thinks that from the social point of view hydrogen economy leads to the path
towards so called “City 2.0” that represents a new form of effective, ecological and gentle
cities.
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1 Introduction

Polymer composites with fiber reinforcements are widely used as construction
materials. Nowadays most of the fibers used in polymer composite industry are synthetic
ones, like glass, aramid or carbon fibers. They are widely used especially for their high
stiffness and strength properties. However, due to growing ecological and economic
awareness, green materials have been developed. Typical examples of green materials are
natural fibers. There are lots of types of natural fibers and most of them are readily
available with usable mechanical properties!.

Nevertheless, because of hydrophilic surface, natural fibers are not compatible with
the majority of polymer matrices. This causes ineffective stress transfer across the fiber-
matrix interface. Possible solution of this problem can be the surface treatment of fibers2.
Fiber surface polarity can be changed by introducing specific functional groups prepared
by grafting technologies. This kind of treatment can improve the fiber — matrix
compatibility and leads to an improvement of composite mechanical properties and
reduction of water absorption. Moreover, better wettability of fibers by matrix opens the
door for new technologies of natural composites preparation.

The aim of this work is to prepare polymer composites of desired mechanical
properties with low-twisted flax fiber reinforcement by the pultrusion process. Several
chemical treatments of the flax fibers were tested.
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2 Materials and Methods

2.1 Used materials

As the reinforcement low twisted flax fibers rowings supplied and treated by NaOH
solution by Safilin (Poland) to remove the pollutants were used.

Used polyester matrix was based on isophtalic resin ISO 112-G (Poliver - Italy), vinyl
ester matrix was based on vinyl ester — epoxy resin Derakene 470-HT (Ashland - USA).
The curing reaction was initiated by benzoyl peroxide, bis(4-tert-butylcyclohexyl)
peroxydicarbonate and tert-butyl peroxybenzoate.

The surface analysis of the flax fibers was performed by Scanning Electron
Microscopy (EVOLS10, Zeiss). The elemental composition of tested samples was
determined by Energy-dispersive X-ray (EDS) detector.

The tensile properties were tested by Instron 5985 equipped with the extensometer.
The flexural properties were tested by Zwick Z010 and the impact strength was measured
by Labtest CHK 50]-I.

Water absorption of the composite samples was tested according to ISO 62 standard.
Three samples of each tested series were dried for 12 hours at 60°C and their weight after
drying was recorded. Those dried samples were immersed in water and their weight was
measured until the constant mass value was observed.

2.2 Fiber treatment methods

The wet treatment was used to improve the chemical compatibility with the
thermoset matrix. Maleic anhydride (MA), itaconic anhydride (ITA), triethoxyvinylsilane
(VS), (3-Methacryloxypropyl)trimethoxysilane (MS) and (3-Glycidyloxypropyl)trimeth-
oxysilane (GS) were used as coupling agents.

MA and ITA treatments were carried out by immersing the fibers into acetone with
10 wt. % of appropriate anhydride. The solution was boiled 60 minutes. Treated fibers
were rinsed in acetone and dried at 70 °C for 12 hours.

Silane fiber treatments VS, MS, GS were performed in an ethanol/water mixture in a
volume ratio 4:1 with 3 wt. % of appropriate silane. The pH 4 adjustment of prepared
solutions was arranged by acetic acid. The fibers were immersed in the solutions and
heated until the solutions started to boil. The solutions with fibers were cooled down to
laboratory temperature after 2 hours of boiling and the fibers were rinsed twice by cool
solvent. Treated fibers were dried in a dry box at 70 °C for 12 hours. The nomenclature of
tested samples is described in Table 1.
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Table 1: Nomenclature of the samples

Designation Meaning
UP Polyester resin
VE Vinyl ester resin
Ref Fibers treated by NaOH from supplier. Raw material for all other treatments
MAF Fibers treated by maleic anhydride
ITAF Fibers treated by itaconic anhydride
VSF Fibers treated by triethoxyvinylsilane
MSF Fibers treated by (3-Methacryloxypropyl)trimethoxysilane
GSF Fibers treated by (3-Glycidyloxypropyl)trimethoxysilane

2.3 Specimen processing and preparation

Natural composite profiles were prepared by the pultrusion process using the
experimental pultrusion device developed at the Brno University of Technology. During
this process the flax fibers were impregnated by thermoset resin and pulled into heated
steel die, where the material was shaped into rectangular profile and cured at two
temperature zones 100 and 160 °C. The pulling speed was set to 0.25 m min-'. At the end
of this process the final material was cut to specific length required by ASTM testing
standards.

3 Results and discussion

Chemical treatments of natural fibers are used to improve the chemical interaction
between polymer matrix and fiber reinforcement and to reduce the sorption and diffusion
of water molecules into the structure of natural fibers as well4.

3.1 Tensile and Flexural properties

Prepared composite samples were tested by tensile and flexural tests. In Figure 1 the
tensile modulus of elasticity AE and the tensile strength Ao are described (treated fibers
value/untreated fibers value). The improvement of tensile modulus for MAF and ITAF
samples with both matrixes was observed from the results of tensile test. Recent
improvement of tensile modulus was also observed for all samples treated by silanes, but
it was not as high as for the samples with MAF or ITAF. On the other hand we can see
massive decrease of tensile strength for MAF and ITAF samples. MSF and GSF samples
show no (or not significant) decrease of tensile strength. For VSF-VE and VSF-UP samples
lower values of tensile modulus and strength were measured compared to other silane
treatments.

Very similar data were measured by the flexural test. The samples with MAF,
respectively ITAF showed reduced flexural strength and increased flexural modulus for
both matrixes. MSF samples also showed similar trend to GSF samples and VSF had no
effect on the improvement of flexural properties.
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Because of the destructive effect of MA and ITA treatments and no effect of VS
treatment on the mechanical properties of fibers, further attention was focused on the MS
and GS treatments.
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Figure 1: Tensile test results of the treated fibers with UP or VE matrix compared to the reference.

3.2 SEM and XPS analysis

The SEM analysis was performed as a surface analysis for the flax fibers treated by
MS and GS. The attention was focused on the silane layer structure. In Figure 2 the detail
of the flax fiber treated by MS is shown. The surface of the fiber is rough and covered by
separated areas of silane multilayer. However, treated fibers are not covered fully by
consistent silane monolayer, as was expected. This effect is even more pronounced on
fibers treated by GS, described in Figure 3. There are evident multilayer areas of GS on the
surface of the fiber. Moreover, those multilayers are more non-consistent, full of defects
and more rough than the MS layer.

The silane-origin of the areas was confirmed by the elemental XPS analysis via EDS
detector. This method detected several mass percent of Si atoms, which does not
correspond to common content of the flax fibers. For MS higher content of C atoms from
methacrylate functional groups was detected. For GS an increasing content of O atoms
due to glycidyl functional end group of the silane chain was detected.

3.3 Impact toughness

Another method for testing the interphase quality, performed on the samples with
MSF and GSF was the Charpy impact test. The results of the UP and VE samples with
MSF and GSF were compared to those of samples with untreated Ref fibers. The MSF-UP
and MSF-VE samples showed the decrease of the impact strength up to 7 % and 11 %,
respectively. On the other hand the GSF-UP and GSF-VE samples gave the values of
impact strength higher up to 11 % and 12 %, respectively, compared to the reference.
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Figure 3: Flax fiber treated by GS: EHT=15kV, WD=12mm, Mag=5000x

3.4 Fiber volume fraction effect

The flexural and tensile properties of the composites were investigated as a function
of the fiber volume fraction. For this experiment UP composite with Ref fibers was chosen.
In the graph of flexural properties shown in Figure 4 an increase of the flexural modulus
with fiber volume fraction is evident. The flexural strength increases with the volume
fraction up to 63 vol. % of the fibers. Beyond this value, at higher volume fraction, the
flexural strength is constant, or slightly decreases. A similar trend was observed also for
the measurements of tensile properties.

3.5 Water absorption test

One of the effects of the surface treatment should also be the reduction of water
absorption. The time-dependencies of the water absorption for the Ref-UP and Ref-VE
samples were very close to each other, and can be taken as a reference for the test of
composite water absorption. Better results of the water resistance were reached for the
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GSF-UP samples (not displayed) and the best result, the lowest increase of the samples
weight, was observed for the MSF-UP composite. Slightly worse water resistance was
shown by MSF-VE samples compared to the reference (not displayed). The highest water
absorption results provides GSF-VE composite sample. The results discussed above are
displayed in Figure 5.
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Figure 4: Flexural properties of the Ref-UP composite as a function of the fiber volume fraction
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Figure 5: Time dependence of water absorption

4 Conclusion

The flexural and tensile tests were performed on prepared composite samples. From
the results we can deduce some improvement of the composite interfacial compatibility
for MSF and GSF and no improvement for VSF for both matrixes. MAF and ITAF improve
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the compatibility much more than silane coupling agents, but they strongly damage the
fibers. The tensile strength of those fibers is lower and from this reason the improvement
of interfacial compatibility cannot race up the composite strength. Since GSF provides
worse mechanical properties compared to MSF, the methacrylate group is much more
suitable for used UP, respectively VE matrix.

The SEM photographs show non-consistent silane multilayers and separated silane
areas. This is because of a non-optimal method of treatment for flax fibers. Those small
silane areas shows only slightly improved mechanical properties described earlier as well.
With better treatment procedure much better properties of the composites with MSF and
GSF can be expected.

The improvement of the interphase interaction in the composite leads to the increase
of brittleness and to the decrease of impact strength. The decrease of the impact strength
for the MSF-UP and MSF-VE samples means better coupling properties of MS for Flax-UP
or VE composites.

The results of the fiber volume fraction effect on the mechanical properties show the
value of 63 vol. % as an optimum. Below this value the flexural and tensile properties
increase with increasing fiber fraction and above 63 vol. % the properties are constant or,
even, worse. At higher volume of fibers the matrix saturation is insufficient for an
effective transfer of the outer stress into the fibers. Moreover, low matrix content cannot
perform its bonding function.

The decrease of water absorption should be one of requested achievements of the
fiber treatment. MSF-UP composite samples provide the lowest values of water
absorption. On the other hand, GSF-VE samples even increase the water absorption
compared to the reference.

The most effective and useful fiber treatment method appears to be the MS
treatment combined with UP matrix and containing 63 volume % of the fibers
reinforcement.
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1 Introduction

The growing area of bioelectronics, which links the fields of electronics and biology,
holds immense potential for the development of innovative biomedical devices for
therapeutics and diagnostics. Device with great potential which arise from this field is the
organic electrochemical transistor (OECT). Since the invention of OECT by White et al.
(1984) [1] as a variant of the OTFT (Organic Thin Film Transistor) it became a promising
device for biocompatible sensors in biology and medicine. Biosensors arose as a promising
solution for the investigation of processes in cells and tissue cultures in vitro as well as for
diagnostic and therapy in vivo. OECTs are designed to convert the electrochemical
processes at cell membranes to electronic signals. The study of cardiomyocytes evident
pulsing in sensors consisting of interdigital gold electrodes in cultivation well was
presented by Wang et al. [2]. Application of organic electronics brings the new approach
for sensing in biology and medicine. The main part of the device is a transistor, nowadays
mostly based on PEDOT:PSS (poly(3,4-ethylenedioxythiophene polystyrene sulfonate)
conductive polymer, due to its outstanding biocompatibility and potentially high device
amplification. The theory of its function was completed by Bernard and Malliaras in 2007
[3]. PEDOT:PSS is suitable due to its high amplification defined by OECTs
transconductance [4] short time response and wide frequency range, up to a few kHz [5]
used for ECG (Electro Cardio Gram) recording. Dimensions of OECT can be optimized for
setting of the working point with maximum transconductance at zero gate bias [6].

Technology of printed OA (Organic Electronics) brought the possibility to print
biosensor on biocompatible polymer foils such as PET (Poly(Ethylene Terephthalate)) or
PEN (Poly(Ethylene 2,6-Naphthalate) enabling processing at higher temperatures. Basirico
et al. [7] used ink-jet printing technique for production of fully printed lateral OECTs.
Highest achieved amplification at zero gate bias was reached in the case of much larger
gate electrode area compared to the channel. The gate electrode is generally linked to the
PEDQOT:PSS channel via electrolyte containing sodium and potassium ions. Screen-printed
OECTs were manufactured in the work of Mannerbro et. al. [8]. Printed hydrogel
electrolyte was also used by several researchers [5, 6]. The most frequently used solution
for processes containing living cell is 0.01 M PBS (phosphate buffered saline) with
pH =7.4 and its derivatives. According to the experimental data the recommended size of
the gate electrode should be larger than the active channel area. In this case the ionic
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current is controlled by the channel-electrolyte interface which has larger impedance.
Under these conditions it is possible to achieve uniform ion de-doping of the PEDOT:PSS
channel, which can be also observed via optical absorption spectroscopy [9].

2 Experimental

The structure of conductive polymer PEDOT:PSS used as an active layer of
manufactured OECTs is shown in Figure 1. The testing arrangement is depicted in Figure
2. Circuitry as well as the single device patterning is depicted in Fig. 3 left. A matrix of
such biosensors depicted in (Figure 3 Right) was prepared by screen printing method. It
consists of PEN foil (Figure 3 Left) with printed matrix of biosensors in between PMMA
plate and SensoPlate™ 24-Well Glass-Bottom Plate (from Greiner Bio-One). The system is
sealed by Sylgard® 184, silicone elastomer tested on biocompatibility and tighten by
screws. The printed biosensors consist of OECTs and a circuit wires. Elastomer also
isolates the non-biocompatible silver conducting paths from the electrolyte. The OECTs
were deposited on PEN foils 0.125 mm thick.

G2 8 le
lKei(hey 24108

Figure 2: Electrical circuit used for evaluation of OECTs.

Screen printing was carried out by aqueous dispersion of PEDOT:PSS (Clevios S V3)
creating layers of thickness 100 to 300 nm and silver conductive paste CB 115 Ag
Conductor (DuPont). The system created a bottom of the 16 mm in diameter well for the
PBS electrolyte. The gate was 12 x 3 mm and channel in distance 1 mm 16x1 mm. The
margins of the pattern were masked by siloxane resin.

The fabricated device was tested in the circuit according to Figure 2. The gate
voltage of both polarities was set manually, so the OECT could work in depletion as well
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as in accumulation mode with a negative gate bias. The Keithley 2410 SourceMeter
includes programmable power source and the data were computer processed by the
program LabTracer 2.9.

Figure 3: Left: Printed pattern of OECTs matrix on PEN foil. Right: Encapsulated matrix of
biosensors with electrolyte and connectors.

3 Results and Discussion

A series of output characteristics shown in Figure 4, was scanned in range down to
Vps=1.2 V. The gate bias from Vc=-0.6 V to Vc=0.5V contains the full possible range
from the accumulated de-doped state to the doped depleted state. The doping is
understood as a penetration of the alkaline ions into the channel. They act like as a
substituents of holes presented in PEDOT:PSS. The charge equilibrium is preserved, but
due to the low ion mobility the channel becomes less conductive. The transfer
characteristics shows that the steepest rise of the drain current is round Vc=-0.2 V. It is
quite close to the zero gate bias. This regime is advantageous because it simplifies the
device operation and enables to increase the drain potential Vb up to 1.2V, without redox
reactions occurring at PEDOT:PSS.

A series of transfer characteristics as in Figure 5 gives the highest transconductance
at the vicinity of Vc =-0.2 V. The transconductance g =100 uS at Vo =-0.5 V was achieved.
More important is the normalized transconductance, which the drain potential effect
eliminates, gn=g/Vp, gn=200 uS/V. These values are comparable with other printed
planar OECTs [4], although OECTSs patterned by microlithography with gate in the third
dimension in electrolyte achieved current Ip up to 1 mA and transconductance gn =4 uS/V

[61.
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The time response 1=0.2 s of spike and recovery shape as seen in Figure 6 of the
output current Ip is controlled by the holes extraction at the drain electrode and can be
damped down by shortening the channel down to a fraction of 1 mm. This is also required
for successful cells cultivation. The corresponding time response achieved with 1 mm
channel length was 0.07 s
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Figure 6: Pulsed voltage Vi = 50 mV at zero gate bias and 0.5 V drain voltage Vb

Conclusion

A sensor plate for cardiomyocytes cultivation and observation of their status and
pulsing in real time was developed. It consists of the 6x4 matrix of wells for the pabulum
as electrolyte and planar printed organic electrochemical transistors (OECTs). It can be
used for scanning and demonstration of cardiomyocytes apparent pulsing. Screen print of
both the organic semiconductor PEDOT:PSS ink as well as silver conducting paste
resulted in reliable operating procedure and final function devices. The main
characteristics of OECTs are presented as output and transfer characteristics, the
transconductivity and the time-frequency response. The transconductance g =100 uS and
the time constant T=0.07 s at zero gate bias Vc=0V and 50 mV input gate signal was
achieved.

5 References

1. WHITE, Henry S., Gregg P. KITTLESEN a Mark S. WRIGHTON. Chemical
derivatization of an array of three gold microelectrodes with polypyrrole: fabrication
of a molecule-based transistor. Journal of the American Chemical Society [online]. 1984,
106(18): 5375-5377 [cit. 2015-07-24]. DOI: 10.1021/ja00330a070. ISSN 0002-7863.

2.  WANG, Tianxing, Ning HU, Jiayue CAO, Jieying WU, Kaiqgi SU a Ping WANG. A
cardiomyocyte-based biosensor for antiarrhythmic drug evaluation by
simultaneously monitoring cell growth and beating. Biosensors and Bioelectronics
[online]. 2013, 49: 9-13 DOI: http://dx.doi.org/10.1016/j.bios.2013.04.039.

3. BERNARDS, D.A., G.G. MALLIARAS. Steady-State and Transient Behavior of
Organic Electrochemical Transistors. Advanced Functional Materials [online]. 2007,
17(17): 3538-3544. DOI: 10.1002/adfm.200601239. ISSN 1616301x

4. KHODAGHOLY, Dion, Jonathan RIVNAY, Michele SESSOLO, Moshe GURFINKEL,
Pierre LELEUX, Leslie H. JIMISON, Eleni STAVRINIDOU, Thierry HERVE,
Sébastien SANAUR, et al. High transconductance organic electrochemical

379



transistors. Nature Communications [online]. 2013-7-12, 4: - [cit. 2015-11-19]. DOI:
10.1038/ncomms3133. ISSN 2041-1723.

CAMPANA, Alessandra, Tobias CRAMER, Daniel T. SIMON, Magnus BERGGREN
a Fabio BISCARINI. Electrocardiographic Recording with Conformable Organic
Electrochemical Transistor Fabricated on Resorbable Bioscaffold. Advanced Materials
[online]. 2014, 26(23): 3874-3878 [cit. 2015-11-19]. DOI: 10.1002/adma.201400263.
ISSN 09359648.

RIVNAY, Jonathan, Pierre LELEUX, Michele SESSOLO, Dion KHODAGHOLY,
Thierry HERVE, Michel FIOCCHI a George G. MALLIARAS. Organic
Electrochemical Transistors with Maximum Transconductance at Zero Gate Bias.
Advanced Materials [online]. 2013, 25(48): 7010-7014 [cit. 2015-11-19]. DOI:
10.1002/adma.201303080. ISSN 09359648.

BASIRICO, L., P. COSSEDDU, A. SCIDA, B. FRABONI, G.G. MALLIARAS a A.
BONTFIGLIO. Electrical characteristics of ink-jet printed, all-polymer electrochemical
transistors. Organic Electronics [online]. 2012, 13(2): 244-248 [cit. 2014-04-22]. DOI:
http://dx.doi.org/10.1016/j.0orgel.2011.11.010

MANNERBRO, Richard, Martin RANLOF, Nathaniel ROBINSON a Robert
FORCHHEIMER. Inkjet and Screen printed electrochemical organic electronics.
Synthetic Metals [online]. 2008, 158(13): 556-560 [cit. 2015-11-19]. DOLI:
10.1016/j.synthmet.2008.03.030. ISSN 03796779.

BAO, Zhenan, Iain MCCULLOCH, Ruth SHINAR, Ioannis KYMISSIS, Jacob T.
FRIEDLEIN, Sean E. SHAHEEN a Robert R. MCLEOD. Optical method for making
spatially and temporally resolved measurements of the hole concentration in organic
electrochemical transistors [online]. : 91851X- [cit. 2015-11-19]. DOI: 10.1117/12.2063564.

Acknowledgement:
This work has been supported by Czech Science Foundation via project No.
13-29358S, research infrastructures was supported by projects MSMT No. LO1211.

380



Preparation of Core-shell TIO, coated
nanosized magnetic particles

Tomds Solny
Eva Bartonickovd, [iti Masilko, Petr Ptdcek

Brno University of Technology, Faculty of Chemistry, Materials Research Centre
Purkyiiova 464/118, 612 00 Brno, Czech republic
xcsolny@fch.vutbr.cz

Nano-sized iron oxide particles such as maghemite y-Fe,O, hematite a-Fe,O, and
magnetite Fe,O, are well known for their multiple applications such as; medicine, cataly-
sis, sensors, memory devices and electronics. In photocatalytic properties, these particles
play important role as holder for photocatalytic compounds, such as co-dopped TiO,. In
order to maintain high surface area of such photocatalytic compounds and to get easy and
economic process of restoring photocatalysts from the cleaning system utilizing their mag-
netic behaviour, these particles are used for also preparing core-shell catalysts. In present
study, the nanosized iron oxide particles are synthetized by precipitation of Mohric salt
(NH4),Fe(SO,),-6H,0 with sodium hydroxide solution and later in the process they are
coated with nanosized TiO,. XRD, SEM and pH measurements are used in this study.

Keywords: nanosized Iron oxide particles, TiO,, core-shell catalyst, Mohric salt.
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1 Introduction

The chlorinated acid textile dye Mordant Blue 9 (MB9) is widely used colorant with
worldwide annual production of hundreds of tons. Mordant Blue 9 is used for dyeing
wool, silk or nylon [1]. This azo dye is produced by diazotization of 3-amino-5-chloro-2-
hydroxybenzene-sulfonic acid dissolved in aqueous solution using sodium nitrite and
mineral acid at 0-5°C [2]. The produced diazonium salt is coupled with
5-hydroxynaphtalene-1-sulfonic acid in the next reaction step [3]. The produced MB9 dye
is water soluble and it is isolated from the violet aqueous solution by salting out process
(addition of excess of NaCl).

The water solubility of azo dye is caused by the binding of SOsH as water
solubilizing group into the structure of manufactured dye. However, high water solubility
of dyes, which is essential for simple dyeing of textile fibres, causes the main
environmental problem associated with production and utilization of dyes. The produced
waste waters are highly contaminated with residues of dissolved dyes, which causes dark
color and low biodegradation of these waste waters. Limited biodegradation of impurities
dissolved in waste water is characterized by ratio of BOD versus COD (Biological Oxygen
Demand versus Chemical Oxygen Demand). In addition, the production of halogenated
dyes like Mordant Blue 9 is associated with increased parameter value of AOX
(Adsordable Organic Halides).
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1.1 Application of Ionic Liquids

Modern metod for precipitation of textile dye containing solubilizing group -SO3H
or -COOH from waste water, is used ionic liquids — ILs [4] with coagulant (Al3+, Fe3+
salts). This procedure is described in the patent University of Pardubice CZ 20120359 [5].

Suitable ionic liquids for dye removal from waste water are a quaternary
ammonium (R4N+X-) or phosphonium salts (R4P+X-). For precipitation of Mordant Blue 9
from model waste waters used a combination of Benzalkonium chloride (BAC, Fig.1.), it is
cheap and commercially available ionic liquids and ferric sulphate (coagulant).

CHgy
Hz7C13 4

H;C

354.012
Fig. 1: Structure of Benzalkonium chloride (BAC)

When precipitation of the dye solution is ion exchange applications of liquid ion
exchanger to form an ion pair. Generally, precipitation described by the equations:

dye-SOsNa* + RiN*X- — dye-SOsRsN* | + NaCl
dye-SOsNa* + RaP+X- — dye-SOsR4P+ | + NaCl

dye-COONa* + RaN*X- — dye-COO-RsN* | + NaCl
dye-COONa* + RaP*X- — dye-COOR«P* | + NaCl

Precipitating the ionic liquid leads to formation of an ion pair which is insoluble in
water. This ion pair is very soluble in an organic solvent (ethanol, ...). The obtaining
precipitate (ion pair) has a much higher molecular weight than the starting compounds.
This ion pair can be removed by sedimentation and subsequent filtration.

Patent CZ 20120359 enabling removal of dyes containing the group -SO3H from the
aqueous solution, was tested in a model of waste water purification with a dye Mordant
Blue 9 (Fig. 2).

In model waste water was monitored parameters AOX, COD, biological oxygen
demand (BOD) and total color of waste water before and after the application of ionic
liquids in combination with a coagulant.
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Fig. 2: Process of precipitation of Mordant Blue 9 with Benzalkonium chloride (BAC)

Experiments has demonstrated the effective of application of ionic liquids in
combination with a coagulant for removal of Mordant Blue 9 dye from an aqueous
solution.

Very important factors for precipitation of textile dyes from waste water are molar
ratio ILs:colorant and the pH during precipitation.

Dye Mordant Blue 9 contains in its structure two groups -SO3H, which occurs when
precipitation ILs cleavage hydrogen, forming an ionic bond with the molecule with
molecule of ionic liquids.

2 Experimental

Table 1 describes using various molar ratio (ILs:colorant) when using ionic liquids.
The optimal molar ratio (MB9:BAC) is 1:1. This means that one mole of -SO3H group
corresponds to one mole of ionic liquids. With an excess of ionic liquid in the solution
during the precipitation leads to effective formation of an ion pair, but the unreacted part
of the ionic liquids remained in solution, which is not economically acceptable.

Table 1: Effect of molar ratio on the efficiency of precipitation Mordant Blue 9

. Intial ¢ Mass Intial Final Effectiveness
Molar ratio . of
MB9:BAC MB9 concentration absorbance absorbance recipitation
' [umol]  BAC [umol] (516 nm) (16nm) ¢ [If) "
1:0.5 50 1.174 18.98
1:1 100 0.028 98.05
1:1.5 100 200 1443 0.025 98.1
1:2 400 0.049 96.78

Graph 1 shows the kinetics during precipitation of Mordant Blue 9 from model
waste water. The optimal time the precipitation of dye is 120 min.
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Graph 1: Kinetics of the precipitation process
During precipitation was reduce parameter AOX of more than 99 %, as well

reducing the total coloring of waste water by more than 99 %, when solution after
precipitation ILs almos clear (Table 2).

Table 2: Results of precipitation Mordant Blue 9 from aquenous solution

Intial ¢ Mass ' Intial Final Intial AOX Final AOX
MB9 concentration absorbance absorbance (mg-L1] [mg-L1]
[pmol] BAC [umol] (516 nm) (516 nm) & &
100 200 1.443 0.011 3.315 0.014

It was confirmed that used of benzalkonium chloride, which contains a nitrogen
bonded to the aliphatic chain (C13), can be effectively synthesized of ion pair. Significant
effect on the precipitation has a volume of the whole molecule.

In other hand, for the precipitation of the dye Mordant Blue 9 from an aqueous
solution, was used other type of ionic ligids, namely 1-benzyl-3-methylimidazolium
chloride (BzmimCl, Fig.3), which doesn’t contains long aliphatic chain, but benzyl.

The total volume of the molecule and molecular weight BzmimCl are compared to
the Benzalkonium chloride significantly smaller.

385



208.68
Fig. 3: Structure of 1-benzyl-3-methylimidazolium chloride
Applacation the BzmimCl by precipitation of dye Mordant Blue 9 from model waste
water was not succesfull. Very important for precipitation is polarity of the ionic liquids.

The removal efficiency of Mordant Blue 9 with BzmimCl was only 4 %.

Table 3: Results of precipitation Mordant Blue 9 from aquenous solution with BzmimCl

Mass

. . Intial Final .
Intial c MB9 concentration Effectiveness of
[ 1 BzmimCl absorbance absorbance recipitation [%]
Hmo Zmim (516 nm) (516 nm) precip ’
[pmol]
150 300 2.109 2.027 3.88

The performed experiments was therefore not confirmed the possibility of
application of the ionic liquid 1-benzyl-3-methylimidazolium chloride for precipitating
dye Mordant Blue 9 from model waste water.

The patent CZ 20120359 was also successfull tested for precipitation of dye
Chrysofenin from model waste water.

3 Conclusion

A suitable procedure for optimizing the application of the ionic liquids in
combination with a coagulant (Patent CZ20120359) can effectively compete with methods
of removing organic pollutants from waste water such as Fenton’s oxidation agent or
sorption on charcoal. Use of ionic liquids are promising method for the future that you
will certainly find a place among the traditional methods of chemical treatment of
wastewater.

Ionic liquids does not be used only for the purification of water, but also for the
synthesis of pure ionic pairs with selected compounds (e.g. colorants) for which actively
seeking employment.
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1 Introduction

Boron doped diamond electrodes (BDDEs) were introduced for electroanalytical
chemistry in the early nineties of the twentieth century2 The pure diamond is
distinguished by outstanding mechanical and chemical stability and it is one of the best
natural insulators. For its electrochemical utilization, it needs to be doped with atoms of
other elements, most often with boron3. It is known to be a remarkable material due to its
particularly attractive properties combining chemical resistance, optical transparency,
thermal conductivity, high thermal stability and stable background current. The wide
potential window about 3 V is the greatest advantage*>. The common BDD films used in
electroanalysis usually grow on Si supports from dilute mixtures of a hydrocarbon gas
(typically methane) in hydrogen using one of several energy-assisted chemical vapor
deposition methods (CVD). For boron doping process, diborane or trimethylboron are
added into the mixture3. Working surface of these electrodes has a paraffinic character, so
low adsorption on the surface is observed during electroanalytical measurements; the
problems with passivation are minimized® ¢7. This electrode material has already been
utilized as a sensitive analytical tool in determination inter alia of various pesticides, e.g.
methidation®, carbaryl® or picloram!?. Therefore, the electrochemical properties of BDD
films prepared in laboratory using heated filaments chemical vapor deposition (HF CVD)
under the different conditions (various ratio of CH4/H2 and B/C) and their applicability for
the determination of herbicide linuron (LIN) were studied in present paper.

Linuron (3-(3,4-dichlorophenyl)-1-methoxy-1-methylurea (IUPAC), CAS: 330-55-2) is
a substituted urea herbicide used to control newly emerging and germinating grasses and
broad-leafed weeds. It is labelled for field and storehouse usage in such crops as soybean,
cotton, corn, bean, potato, carrot, winter wheat, asparagus, and fruit crops. It may be
applied pre-plant, pre-emergence, post-emergence, or post-transplant using ground
equipment. LIN acts as an herbicide through the inhibition of photosynthesis. It is a
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slightly toxic compound and belongs in EPA toxicity class III'3. The electrochemical
determination of LIN using various types of working electrodes have been described'.

2 Experimental

2.1 Reagents and materials

All chemicals used for preparation of the standard solutions, supporting electrolytes
and other stock solutions were of p.a. purity. The electrolytes based on 1 M, 0.5 M and
0.1M HNOs were diluted from 65 % HNOs (Penta, Praha, Czech Republic). Britton-
Robinson (B-R) buffer (pH 2-12) was made from an acidic component consisting of 0.04 M
CH3COOH, 0.04 M HsBOs and 0.04 M HsPOs and an alkaline component of 0.2 M NaOH
(all Lachema, Brno, Czech Republic). Stock solutions of 0.1 M KCI and K4[Fe(CNs)] (both
from Sigma-Aldrich, Prague, Czech Republic) were prepared by dissolution of the
appropriate amounts of solid substances in distilled water. 1 x 10 M stock solution of
LIN was prepared by dissolution of the LIN powder (purity 99.7 %, Sigma Aldrich, Praha,
Czech Republic) in 70 % acetonitrile and stored in a refrigerator in the glass flask. All
solutions were prepared in distilled water.

2.2 Instrumentation

Voltammetric measurements were performed by computer controlled Eco-Tribo
Polarograph (Polaro-Sensors, Prague, Czech Republic) equipped by POLAR.PRO software
(version 5.1) for Windows. All measurements were provided in a 3-electrodes set up,
where commercially purchased BDDE (7.07 mm?) with B/C ratio 1 000 ppm (declared by
producer Windsor Scientific, United Kingdom) and BDDEs (0.43 mm?) with B/C ratio 0,
1000, 2 000, 4 000, 8 000, 10 000, 15 000, and 20 000 ppm and CHas/Hz ratio 0.5, 1, and 2 %
(Slovak University of Technology in Bratislava, Slovak Republic) served as the working
electrodes, saturated silver/silver chloride (Ag/AgCl) as a reference and platinum wire as
an auxiliary electrode (both Monokrystaly, Turnov, Czech Republic). Electrochemical
impedance spectroscopic (EIS) measurements were performed with potentiostat
PGSTAT302N + FRA2 module controlled by NOVA 1.10 software (Metrohm Autolab, The
Netherlands). All measurements were performed at laboratory temperature (23+2 °C).

Raman spectra were measured at room temperature using ISA Dilor-Jobin Yvon-
Spex LabRAM confocal system with 632.8 nm He-Ne laser. Scanning electron microscopy
(SEM) was carried out using JEOL JSM-7500F scanning electron microscope. The values of
pH were measured using pH-meter Hanna 221 (Hanna Instruments, USA).

2.3 Fabrication of BDDEs

The n-type Si(100) wafer with 2 um thick SiO2 layer (CVD, Oxford PlasmalLab 80)
was used as a substrate for fabrication of BDD sensors. Firstly, the substrates were cleaned
with isopropanol and deionized water and subsequently seeded in the ultrasonic bath
using a nanodiamond powder < 10 nm (CAS No. 7782-40-3, Sigma Aldrich). The BDD
films were deposited for 4 hours using double bias enhanced hot filaments reactor (HF
CVD). A boron-doped nanocrystaline diamond was achieved by adding trimethylboron
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(TMB) to the 0.5 %, 1 %, and 2 % CHa4 in H2 gas mixture. The B/C ratio in the gas phase
changed in the range from 0 to 20 000 ppm. The deposition pressure was 3 000 Pa and
temperature 65020 °C. The active area (0.43 mm?) of working electrode was created in
400 nm thick SiO2 layer (CVD, Oxford PlasmaLab 80) using standard optical lithography
and wet etching in BOE solution (6:1 volume ratio of 40 % NHJF in water to 49 % HF in
water). The electrode chip was electrically connected by Ag polymer paste (CB115,
DuPont) to the printed circuit board’s support and completely passivated by non-
conducting paste (548X, DuPont) and dried at 180 °C for 30 min in air.

2.4 Electrochemical impedance spectroscopic and voltammetric measurements

Each BDDE was pretreated anodically (3 V for 20 s) and cathodically (-3 V for 80 s)
at the beginning of each working day in 0.5 M H2504 (Penta, Praha, Czech Republic).

Cyclic voltammograms of redox system of Ks[Fe(CNs)]/Ks[Fe(CNs)] were recorded at
the scan rate (v) 100 mV s™. The influence of the ratio of B/C and CHa/Hz, respectively, on
voltammetric behavior of LIN was studied using all tested BDD electrodes. Cyclic
voltammetry (CV) was measured between potentials from -500 mV to +2 200 mV with v of
100 mV st. DC voltammetry (DCV), with followed parameters: initial potential (Ein) of
-500 mV, final potential (Efin) of +1900 mV and v of 25-500 mV s, was utilized for
examination of the effect of scan rate on the voltammetric response of LIN. Differential
pulse voltammetry (DPV) was used for the study of the voltammetric behavior of LIN in
dependence of pH of supporting electrolyte (Em = -500mV, Ein = +2000mV,
v=100mV s, pulse height +50 mV and pulse width 80 ms). DPV with optimized
parameters (Ein=+400 mV, Efin=+1 600 mV, v =50 mV s, pulse height +70 mV and pulse
width 20 ms) was applied for LIN determination.

The limit of detection (LOD) was calculated as a three times the standard deviation
for the blank solution and divided by the slope of the calibration curve. The parameters of
calibration curves (e.g., slope, intercept) were calculated using software OriginPro 9
(OriginLab Corporation, USA). Excel 2010 software (Microsoft, 2010) was used for
construction of the graphical dependences.

EIS was carried out with the frequency range from 0.1 Hz to 100 kHz and with the
signal amplitude of 10 mV. The different potentials were applied on each electrode during
measurement. The appropriate potential was determined from the obtained CV curves.

3 Results and discussion

3.1 Surface characterization of BDDEs

Newly prepared BDD films were examined for morphology by SEM. It was found
that the thickness (extracted from the SEM images) of created BDD film increases with the
increasing CHs/H> ratio. Furthermore, the Figure 1 demonstrates the increasing of the
grain size with the increasing of CH4/H: ratio from 0.5 to 2 %. The similar results were
observed for all tested boron doping levels. The grain size was influenced also by the ratio
of B/C, but the enlarging of the grains with the boron concentration was not so evident.

The Raman spectra measured at the wavelength of 632 nm for BDD films prepared
in the mixture of 1 % CHa in Hz for individual B/C ratios are presented in Figure 2. It
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shows bands characteristic for boron doped diamond. One sharp peak at 1 335 cm™ due to
sp®> C-C bonds can be observed for the un-doped diamond film (0 ppm). It implies that a
high quality diamond was deposited on the silicon substrate. Nevertheless, this signal
weakens gradually as the B/C ratio increases. Two broad bands centered at approximately
470 and 1220 cm™ are associated with the actual boron incorporation in the lattice. The
maximum at 470 cm™ may originate from a pair of boron atoms and shifts with the
increase of the boron content to lower wavenumbers. Raman spectra exhibit also
significant maximum around 1 580 cm™ corresponding to the sp? graphitic carbon bonds,
which indicate the presence of graphite like impurities at grain boundaries. The bands
placed around 520 and 960 cm™ are associated with first and second order of Si. Raman
measurements with similar results were realized also for CHs/Hz ratio of 0.5 and 2 %.

Figure 1: SEM images of BDD films prepared in the presence of 0.5 (A), 1 (B), and 2 (C) % of CHa
in Hz gas mixture with the boron content of 2000 ppm.
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Figure 2: Raman spectra of BDD films prepared in the presence of 1 % CHa in H2 gas mixture with
the boron content from 0 to 20 000 ppm.
3.2 Electrochemical characterization of BDDEs

Cyclic voltammetry (CV) and electrochemical impedance spectroscopy (EIS) of the
redox system [Fe(CN)s]*#*~ were used for electrochemical characterization of prepared
electrodes. The important characteristics of the recorded CV curves are differences
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between anodic and cathodic peak potentials (AEp), anodic and cathodic peak heights (Ia,
Ic) and the ratios of Ia/lc. It was found that the peak separation decreases with the
increasing of boron doping level, which corresponds to the increasing of reversibility, and
the heights of both responses, anodic as well cathodic increase with higher boron
concentration in BDD film. The width of the potential window (AEim) was tested in two
supporting electrolytes B-R buffer of pH 2 and 0.1 M KCL. It was found that the potential
window decreases with the increasing of boron doping level. The analogical trend was
observed also for the dependence on content of CHa. The electrochemical characterization
of BDD films prepared in media of 1 % CHs/H2 with the range of B/C from 0 to
20 000 ppm was studied in the redox system [Fe(CN)s]*”* in 0.1 M KCl also with
utilization of EIS. The EIS data corresponded very well with the above mentioned results
of cyclic voltammetry. It was found that the impedance decreases with the increasing of
boron doping level (Figure 3); it means the electron transfer is much more significant with
the increasing of B/C ratio. The decrease of impedance of the analyzed electrochemical
system corresponds to the decrease in resistivity of the BDDE with the increase of boron
dopation level.
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Figure 3: Electrochemical impedance spectrograms for 2.5 mM [Fe(CN)s]*# in 0.1 M KCI
recorded on BDDEs prepared in media of 1 % CH./H, with the range of B/C from 0 to 20 000 ppm.

3.3 The influence of BDD composition on voltammetric determination of LIN

Finally, all BDDEs in combination with DPV were tested for LIN determination
under the optimized experimental conditions. The voltammetric behavior of LIN and
optimization of analytical method has been carried out with commercially available
BDDE. Using CV it was found that LIN provides one irreversible oxidation peak at about
+1300 mV in wide range of pH. No reduction signal was recorded under the used
working conditions (Figure 4B) and the electrode process could be described as chemically
irreversible. B-R buffer of pH 2 served as a supporting electrolyte because the highest
oxidation response was observed in this medium. The linear dependence of peak height
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on the square root of scan rate was measured using DCV, which corresponds to the
diffusion-controlled electrode process. The parameters of DPV were optimized
(summarized in experimental part) using BDDE for LIN determination. The following
statistical parameters of the proposed method were obtained. The values of RSD of 5 times
repeated determinations for various concentration levels of LIN (1.00x10-5, 5.00x10-¢, and
2.50x10°¢ M) were calculated and the results (RSD <2 %) proved very good repeatability of
applied method. The linear dynamic range (LDR) was found from 5x107 to 1.2x10* M and
the value of LOD was 1.41x107 M. The example of the concentration dependence of LIN
measured on commercial BDDE using DPV is shown in Figure 4A.
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Figure 4: The concentration dependence of LIN (DPV, cun = 5.0x107%-4.5x107° M)(A) and the
cyclic voltammogram (cun = 1.0x10~* M) (B) obtained on BDDE.

Cyclic and DP voltammograms, respectively, of 5x10° moldm= (CV) and
1x10° mol dm= (DPV) LIN were recorded using all investigated laboratory prepared
BDDESs and the dependence of peak heights (Ip) on ratio of B/C in gas phase is shown in
Figure 5. It is obvious, that the oxidation signal increases with the increasing of B/C ratio,
but this trend is not too clear. The highest peaks were observed in case of highest content
of boron for 0.5, 1 as well as 2 % CHas/Hz. On the other hand the significant increase in the
response of LIN was detected also for BDDEs with the B/C ratio of 4 000 ppm, which can
be caused by a shifting to metallic conductivity. Therefore, six selected BDDEs
(highlighted points) were in the choice for the following investigation and series of
concentration dependences of LIN in different concentration ranges were measured
applying DPV with optimized parameters. The obtained statistical parameters for
particular electrodes are summarized in Table I. The achieved values of RSD of 11
repeated measurements do not exceed 3 %, which indicates a very good repeatability. The
repeatability of LIN determination was tested at the different concentration levels. Each
analysis by standard addition method was 5 times repeated and the values of RSD
document very good repeatability (RSD(5) < 2 %) of LIN determination using all
investigated BDDEs. Generally, it can be conclude that BDDEs with higher boron doping
level yielded lower values of LOD, which is caused by higher conductivity of the electrode
material. The lowest LOD (8.81x10- mol dm-) was achieved with 4 000 ppm (2 % CHz/Hz)
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electrode. A low value is probably given by very good linearity of recorded concentration
dependence with correlation coefficient closely approach to one.
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Figure 5: The dependence between peak heights and boron-doping level for the BDDEs.

Table 1: Statistical parameters of LIN voltammetric determination obtained on BDDEs

CHalH2 B/C LDR RSDu(11)  RSDp(5) LOD
[%] [ppm] M [%] [%] [M]

05% 4000 5x1077 - 8x1075 1.21 <13 1.50x1077

15 000 2.5%x107 = 2x10™ 1.08 <5.4 5.33x1078

1% 4000 5x1077 - 1.2x10™ 2.67 <0.9 1.15x1077

20 000 5x107 - 1.6x10™ 0.15 <0.9 7.91x1078

2% 4000 1x107 - 1.6x10™ 0.41 <0.4 8.81x107°

10 000 2.5x107 - 1.6x10™ 117 <0.6 2.88x1078

4 Conclusion

Physical, chemical and electrochemical properties of boron-doped diamond electrodes
prepared by CVD with heated filaments in dependence on the boron doping level and on
the content of CHs in mixture with H> during BDD films deposition have been
investigated in present paper. Scanning electron microscopy and Raman spectroscopy
were used for surface characterization of BDD films. Cyclic voltammetry and
electrochemical impedance spectroscopy were performed to characterize BDDEs in the
presence of Fe(CNs)*-/Fe(CNe)* as a redox probe. Optimized parameters of DPV were
used for determination of herbicide LIN on BDDEs and it can be concluded, that
laboratory prepared BDDEs can be very sensitive and it is very important to optimize the
procedure of their preparing for the obtaining of the best electrochemical properties. The
content of boron during the film deposition exhibits greater importance than the content
of CHu in the gas mixture. Improved electrochemical characteristics were observed for
electrodes with a higher content of boron prepared in medium of higher CHs/Hz ratio.
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Novel hydrolytically stable gelatin nanofibers were modified with sodium or calcium
salts of oxidized cellulose (oxycellulose) to enhance nanofibers’ stability and bactericid-
al efficiency. The unique inhibitory effect of the electrospun gelatin/ oxycellulose nanofi-
bers against pathogenic bacteria was examined by luminometric method using modified
bioluminescence of E. coli strain. Non-woven nanofiber fabric has been tested for its bio-
compatibility using human lung adenocarcinoma cells line NCI-H441. Cells cultured on
nanofibrous materials firmly adhered to their surface without the changing in shape, as de-
termined by scanning electron microscopy, and did not show any signs of dying as revealed
by live/death staining via fluorescence microscope. This newly developed nanofibrous ma-
terial seeded with NCI-H441 cell line could be therefore used as a platform for lung disease
modeling and anti-cancer drug testing. Moreover, novel bactericidal and hemostatic nano-
fibers, non-toxic to eukaryotic cells represent a promising option for application in surgery
and regenerative medicine, particularly in soft tissue engineering.
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1 Introduction

Nowadays, nanoparticle (NPs) systems have many applications, e. g. in medicine
(drugs transport, antibacterial bandages and creams, sterile clothes in hospital), in
industry (filters for water purification, self-cleaning paints) or in analytical chemistry
(enhancing substrate for vibrational spectroscopy)!-2.

NPs preparation is very variable, from conventional hydro and solvothermal
approaches (preparation temperature at the solvent’s boiling point) through colloidal
techniques based on reduction of inorganic salt, sol-gel techniques and laser ablation to
ultrasound and microwave radiation which have benefits in energy saving and shortening
of the reaction time. NPs preparations at lower temperatures are also tested. These
parameters, reactants concentrations and pH value influence the final size and shape of
NPs. Strong emphasis is also placed on the non-toxicity of the reactants. Therefore, for the
synthesis bacteria, actinomycetes, fungi, yeasts, algae and plant extracts have been
recently used. Plant extracts contain flavonoids and terpenoids with antioxidant
properties which may be used to reduce metal NPs from inorganic slats and extracts also
contain carbohydrates and proteins that stabilize the resulting NPs!-.

The most frequently extracted plant parts include leaves or needles, in the case of
small plant their entire bodies. Often roots, rhizomes, tubers and seeds> ¢ as well as petals
are extracted’”. Bark and gum from the trees® are also used. For its high content of
terpenoids, herbs, spices® 1 and essential oils!! are suitable for the reduction of the
inorganic salts. Fruit can be processed by two ways — using direct extract or exploit
juice% 12. These extracts and juices are very complex mixture of reducing and stabilization
agents. Their concentrations are not strictly defined and this leads to poor reproducibility
of the NPs sizes and shapes. Therefore, there appear green syntheses based on pure
biologically active or pharmaceutically important substances!® 4.
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In this study, biologically active substance quercetin was used for preparation of
silver nanoparticles (AgNPs). Quercetin belongs to the flavonoids, plant secondary
metabolites, and is widespread in plant material. We believe that using pure quercetin we
can easier prepare the AgNPs with the same reproducibility as via conventional syntheses
(reduction using trisodium citrate or sodium borohydride) but by more environmental
friendly way. Our synthesis is suitable for preparation of enhancing substrate for
techniques of surface-enhanced vibrational spectroscopy (SEVS), namely surface-
enhanced Raman scattering (SERS) and surface-enhanced infrared absorption (SEIRA).
Quercetin and its oxidation product are compounds with relatively low affinity to the
enhancing substrate and can be easily removed from enhancing surface before deposition
of model analyte for testing of AgNPs SERS-activity.

2 Experimental

AgNPs were prepared using quercetin (structure in Figure 1) as a natural reducing
agent. Various ratios of AgNOs and quercetin were tested and the AgNPs concentration
was increased, because conventional preparations of AgNPs reduced by sodium
borohydride or trisodium citrate reach concentration 1x10-3 mol I-1. These conventionally
prepared AgNPs amplify Raman signal more than our first green synthesized AgNPs
reduced by quercetin with reactants ratio 1:1x10# mol I1. Although the reaction of
reduction Ag* by quercetin proceeded at laboratory temperature, it was necessary to
stabilize AgNPs at higher temperature. Prepared AgNPs were characterized by X-Ray
powder diffraction (XRPD), transmission electron microscopy (TEM), dynamic light
scattering (DLS) and absorption UV/Vis spectroscopy. SERS-activity was tested using
nicotinic acid and riboflavin, representatives of the B group vitamins.

HO

o OH
H
B C
H =
| HsC.
H N

Figure 1: Structure of reducing agent — (A) quercetin — and structures of model analytes for
SERS-activity testing — (B) nicotinic acid and (C) riboflavin

2.1 AgNPs preparation

AgNO:s and quercetin were purchased from Sigma-Aldrich, NaOH was bought from
Lach:Ner and used without further purification. All used water was demineralized.

AgNO:s and quercetin aqueous solutions were mixed in ratios 1:1, 2:1, 4:2 and 4:3 at
concentration level 1x10~* mol I! (reaction is described by the equation 1)'5. pH value was
adjusted at 7.2 by NaOH solution. Selected pH value was based on previous experiments
at lower pH values in which the precipitate was produced — possibly silver-quercetin
chelate's — and at higher pH values, there was silver oxide!”.
24g* + C5H,00, + 20H™ — 24g° + C,5H, 04 + H,0 0
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Reaction mixtures were heated at 40 °C or 70 °C for AgNPs stabilization for 0-180
min. After 0 min, 15 min, 30 min, 45 min, 60 min, 90 min, 120 min, 150 min and 180 min
5ml fractions were collected and measured by absorption UV/Vis spectroscopy.
Absorption maximum of all measured AgNPs is ca. 405 nm. In figure 2, dependence of
peak height on stabilization time for temperatures 40°C and 70°C are shown.
Stabilization at 40 °C does not significantly affect the peak height — for all stabilization
time is almost constant. However, in the case of stabilization at 70 °C peak height grows
throughout. With higher concentration of AgNPs in the solution the absorbance grows, of
course.

Stabilization temperature at 40°C Stabilization temperature at 70°C
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Legend: x 1:1, x 2:1, x 4:2, x 4:3
Figure 2: Dependence peak height at stabilization time at temperatures (A) 40 °C and (B) 70 °C

The graphs in Figure 2 show that a longer stabilization time is preferable. But Raman
spectra of the system in figure 3 (recorded using dispersive Raman spectrometer
AdvantageNIR (DeltaNu, USA) excitation line 785 nm — thermoelectrically cooled diode
laser, Peltier cooled CCD detector; power laser was set at the highest, resolution at lowest
(4-8 cm™), integration time was optimized and always holding a constant for a sample
series) show that quercetin and its oxidation product are more deposited on the AgNPs
surface by longer heating time — higher intensity of bands, new bands, better spectral
information. The resulting AgNPs preparation was chosen compromise 30 min
stabilization, because the absorption peak height increases more slowly and only a few
molecules of quercetin or its oxidation product are deposited on the AgNPs surface.
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Figure 3: Raman spectra pure AgNPs (ratio of AGNOs:quercetin is 4:2, stabilization time
0 - 180 min at 70°C; viewed in offset scale)

The final conditions of this AgNPs preparation are pH value adjusted at 7.2 and
stabilization time 30 min at temperature 70 °C.

2.2 Characterization

AgNPs were characterized using XRPD, TEM, DLS and absorption UV/Vis
spectroscopy.

* X-Ray powder diffraction

Samples were purified by triple centrifugation and redispersion in pure
demineralized water. Measurements were carried out in the Laboratory of X-Ray
diffractometry and spectrometry Central Laboratories UCT Prague diffractometer X'Pert
PRO 0-0 powder diffactometer (PANalytical, Netherlands) in Bragg-Brentano
parafocusing geometry using copper Ku line radiation (A=1.5418 A, U=40 kV, [=30 mAG
and ultrafast X'Celerator detector operating at room temperature. Data were analyzed
using software X'Pert High Score Plus Version 2.0a.

Diffraction patterns (in figure 4) confirmed the AgNPs formation and eliminate the
presence of silver oxide. Peak broadening demonstrates nano size of the particles.
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Figure 4: XRPD patterns prepared AgNPs wih ratios AGNOs:quercetin (A) 1:1, (B) 2:1, (C) 4:2,
(D) 4:3 at various stabilization temperature (viewed in offset scale)

* Transmission electron microscopy

All samples were purified by dialysis and observed by electron microscope JEOL

JEM 1010 (JEOL, Japan) with an acceleraing voltage 80 kV. Images were taken with a
digital camera SIS MegaView II (Soft Imaging System). Data were processed by image
analysis software Analysis 2.0.

In Figure 5, TEM images of AgNPs prepared by all combination of reactants ratios
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and stabilization temperatures are shown. Spherical shape of nanoparticles is observed in
all cases and the average size is in the range 16-31 nm (table 1).Moreover , a trend was
observed when the AgNPs size decreased using the higher temperature for stabilization.



(D) 4:3 and at temperatures (1) 23°C, (2) 40°C and (3) 70°C

Table 1: Average sizes of AgNPs obtained by TEM images analysis

AgN Oigferceﬁn 11 21 42 43
Temperature Average size [nm]

23°C 26 28 31 20

40 °C 24 27 29 16

70 °C 16 20 26 16
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* Dynamic light scattering

Data were acquired using Zetasizer Nano ZS 90 (Malvern, UK) at 90° geometry for
detection scattered radiation. The sample was injected into a I1-cm cuvette.
Measurements were carried out at temperature 25°C after equilibration time 200 s.

In all cases, only one size fraction was obtained and its distributions by numbers
are shown in DLS graphs (Figure 7) Positions of maxima are in interval 15-30 also
obtained by TEM image analysis. Deviations are due to approximations of DLS
measurements on round shape of the particles. There was observed a trend of
decreasing size of the nanoparticles with increasing stabilization temperature.

DLS graphs of distributions by numbers
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Figure 7: DLS graphs of prepared AgNPs in reactants ratios (A) 1:1, (B) 2:1, (C) 4:2, (D) 4:3 at
stabilization temperatures 23 °C, 40 °C and 70 °C

* Absorption UV/Vis spectroscopy
Conventional AgNPs characterization was carried out by UV/Vis spectrometer
Cintra 404 (GBC, UK) in 5-mm quartz glass cuvette in the wavelength range 800-300 nm
with 1-nm resolution.
Absorption maximum position is in the range 400-420 nm. Peak position is closely
related to AgNPs size. In these cases, range 400-420 nm corresponds with a particles size
15-30 nm'8. These results confirm the sizes obtained by TEM image analysis.
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Figure 7: UV/Vis absorption spectra of AGQNPs prepared with reactants ratios (A) 1:1, (B) 2:1,
(C) 4:2 and (D) 4:3 and stabilized at temperature 23 °C, 40 °C and 70°C (viewed in offset scale)

2.3 Purification, analyte deposition and SERS-activity testing

Quercetin and its oxidation product prevent model analyte to be able to deposit on
the enhancing surface of AgNPs. Fortunately, quercetin and its oxidation product are
substances with low affinity for the AgNPs surface and can be easily removed from it by
two ways: i) centrifugation and redispersion in pure solvent or ii) dialysis. Then model
analyte (nicotinic acid and riboflavin) was deposited 24 (no purification and
centrifugation) or 48 hours (dialysis). Before SERS measurements system modifications
were conducted according to the scheme in Figure 8. These treatments led to improved
limit of detection and the overall quality spectral information and better signal/noise ratio.
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Figure 8: Scheme of treatment from preparation to SERS measurements

SERS-activity was tested using dispersive Raman spectrometer AdvantgeNIR
(DeltaNu, USA). All parameters were used in the same setting as the previously discussed
(the highest laser power, low resolution, 3 accumulation and integration time 30 s).
Concentration range 1x103 — 1x10 mol ' was measured. Nicotinic acid, one of B
vitamins group, was detected in concentration 1x10-3 mol 1! without purification before
analyte deposition and modification after. If AgNPs were purified by dialysis, limit of
detection of nicotinic acid had been improved to the concentration 1x10-# mol I (in
Figure 9).

Considerable differences between the spectra of pure nicotinic acid and the SERS
spectrum on the AgNPs surface are caused by the interaction of the analyte with the metal
surface. The form in which the nicotinic acid gets to the AgNPs and its orientation
towards this surface will result in attenuation of the band (809 cm-! in spectrum pure
nicotinic acid, 637 c¢m-!) or shift some peaks (e.g. 1581 cm-!, 389 cm-!). Significantly
amplified are bands 1140 cm! and 1074 cm-! (include in-plane vibrations of hydrogen on
the pyridine skeleton and deformation vibration of the pyridine) and 1433 cm-! (in-plane
vibration of the pyridine) and 1388 cm (carboxylate anion vibration). Band at 1388 cm-!
demonstrates that the nicotinic acid is oriented to the surface through a deprotonated
carboxyl group (its pKa is 4.8 and the pH value was adjusted during AgNPs preparation
to 7.2)1°. Enhancement bands of the in-plane vibrations can also indicate that the nicotinic
acid is oriented toward the surface in an upright position.
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Figure 9: Raman spectrum of pure nicotinic acid and SERS spectra of nicotinic acid on the surface
dialyzed AgNPs in concentration 1x10~ and 1x1-3 mol-! (viewed in offset scale)

Next, B2 vitamin riboflavin was detected on the green-synthesized AgNPs surface in
concentration 1x10-* mol ! only and on the purified AgNPs. Any other modification
(without KCI addition) did not improved limit of detection but affected signal/noise ratio
and overall quality of the spectral information. In the spectrum (Figure 10) the most
intense bands can be assigned to the in-plane deformation vibrations of aromatic and
heterocyclic parts of the molecular skeleton (bands 1345 cm-, 1533 cm-!, 1574 cm™,
1152 cm-1, 782 c¢cm-') and bands 1221 cm-!, 1174 ¢m-! include vibrational motion of CO
atoms from hydroxyl groups. Peak at 740 cm! corresponds to deformation NH vibration
in heterocycles and peak at 1399 cm! to umbrella CHs vibration2. Considering the
enhanced bands of the in-plane deformation vibrations it can be concluded that riboflavin
is oriented toward the surface in an upright position.
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Figure 10: Raman spectrum of pure riboflavin and SERS spectrum of riboflavin on the surface
dialyzed AgNPs in concentration 1x1-3 mol I-! (viewed in offset scale)
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4 Conclusion

In this study, Ag* salt was reduced by quercetin and used for green synthesis of
AgNPs. These nanoparticles were characterized by XRPD, TEM, DLS and absorption
UV/Vis spectroscopy. AgNPs exhibit spherical shape and their size is in range 15-30 nm
depending on the stabilization temperatures and reactants ratios.

Nanoparticles can be generally used as Raman signal amplifiers. Our quercetin
reduced AgNPs (reactants ratio 1:1, stabilization temperature 70 °C for 30 min) were
tested as enhancing substrate for SERS spectroscopy by nicotinic acid and riboflavin.
Limits of the detection for nicotinic acid were 1x10# mol 1! and for riboflavin 1x10-3
mol I, Ratio signal/noise as well as limit of the detection can be improved by purification
before deposition of analyte and other modifications after deposition of analyte which
were mentioned above.

Future experiments will lead to the maximization of the concentration AgNPs and
improved limit of the detection of model analytes.
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